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15.—SOME INDIAN ECONOMIC ALEYRODID^.

By C. S. MiSRA, B.A., First Assistant to the Imperial Entomologist.

Aleurolohus barodensis, Maskell. (Plate 70).

Aleurodes barodensis, Mask.—Trans. New Zealand Inst., Vol. 28, p. 242,

1895.

Aleurodes barodensis, Mask.—W. M. Maskell, Ind. Mus. Notes, Vol. IV,

Pt. 3, pp. 143-144 and 213, Plate XXII, fig. I, 1900.

Aleurodes barodensis, Mask.—H. W. Peal, Jour. Asiatic Soc, Vol. LXXII,

Pt. II, No. 3, 1903, pp 90, 92-93.

Aleurodes barodensis, Mask.—Lefroy, Mem. Dept. Agric. India, Ento.

Series, Vol. I, No. 2, p. 245, 1907.

Aleurodes barodensis. Mask.—G. W. Kirkaldy, Cat. of Hemipteroiis

family Aleurodidae, p. 47, 1907.

Aleyrodes barodensis, Mask.—A. L. Quaintance, Genera Insectorum, p. 5,

1908.

Aleurodes barodensis, Mask.—Lefroy, Ind. Ins. Life, p. 751, 1909.

Aleurolobus barodensis. Mask.—A. L. Quaintance and A. C. Baker,

Classification of the Aleyrodidse, Pt. II, 1914, p. 109. U. S. Dept.

Agric, Technical Series, No, 27, Part 11.

Aleurolobus barodensis, Maskell, popularly known as cane mealy-

wing or sugarcane white-fly, is in particular places and in some years

very destructive to sugarcane, especially the broad leaved varieties.

During the past fourteen years that I have been observing the pest at

Pusa, I have found it bad in some years and lightly sj in other years.

It is bad from July to November when it is more or less parasitized,

in years when ratoon cane was allowed to remain on the ground, the

subsequent new plantations were more affected than when no such

crop was allowed to remain on the ground. With the ratoon crop the

pest continued to breed and quickly transferred itself to the new crop.

Besides, I have seen the pest bad at Nagpur, Baroda, Tharsa (Central

Provinces), and present on the cane at Cawnpore and Sindewahi (District

Chanda, Central Provinces). In February 1908, when I examined

thB sugarcane on the Sewage Farm, Nagpur, the pest was so bad on

the leaves that with the whitish puparia on the leaves, especially the

ioWer side, they looked white from a distance. The lower leaves were

encrusted thickly with the black fungus, Cajpnodium sp., and on the

whole the fields looked pale and sickly. The cultivators though thorough

agriculturists ascribed the stunted growth of the plants to the scarcity of

irrigation water. In a case like this it was no wonder that, the plants

being deficient in sucrose contents, they were not much appreciated by
the local people in the city j:eths where they were put up for retail sale.

( 418 )
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EXPLANATION OF PLATE 70.

Aleurolobus barodensis.

Fig I. Sugarcane plant infested with mealy-wings.

Fig. 2. Eggs on a portion of a leaf ;
magnified ( X 20).

Fig. 3 Nymph, first instar, magnified ( X 48).

Fig. 4. Nymph, third instar, magnified ( X 13).

Fig. 5. Nymph, fourth instar, magnified (X 13).

Fig. 6. Puparium, female ; magnified ( X 13).

Fig. 7. Female, as seen on plant ; magnified ( X 13).

Fig. 8. Female, with wings expanded ; magnified ( X 13).
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Page dl9[2). f»LATE 72.

Leaves of SanmihalH sugarcane infested with A. barofJensis and tlie fungus
parasitic on it. Tharsa Farm, C. P., December 1915.
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The pest has also been reported from Bassein Fort (7th April 1902)

Baroda {hid. Mus. Notes, Vol. IV, Part 3, p. 143, 1899) and Ankleshwar

(District Broach, C4ujarat, 29th Augnst 1906) from the Bombay Presi-

dency. The Agricultural Inspector, South Arcot, Madras Presidency,

{Ind. Mus. Notes, Vol. V, Part 2, p. 44, 1900) reported that in conse-

quence of the presence of the pest the crop looked pale and stunted in

growth and that the cultivators were aware of the damage done by the

pest since the last ten years. The editor of a local paper in Baroda wrote

in 1906 that the pest had damaged nearly 50 per cent, of the crop tha;t

year in the Baroda territory. Early in September 1914 specimens of

the mealy-wing in almost all the instars were collected by the Imperial

Entomologist at Pyinmana, Tatkon and Myitkyina, Burma, and an

examination of the infested leaves showed that the nymphs of the third

and the fourth instars as well as puparia were especially abundant on

the lower surface of leaves collected at Pyinmana and Tatkon, and

that some of the leaves were heavily encrusted with the black fungoid

growth following the honey-dew exuded by the mealy-wings. On most

of the leaves the nymphs of the fourth instar as well as the puparia

had collected together towards the apices in very large number and

it was no wonder that the plants under such heavy infestation should

,
have been pale and sickly in appearance.

In the beginning of December 1915, 1 examined the sugarcane growing

on the Tharsa Farm, Central Provinces, and found some of the varieties

of sugarcane infested heavily. Nymphs of the second and the third

instars together with the puparia were present in numbers on the lower

surface of leaves, and the lower leaves were thick with the black fungus.

The variety of cane most affected was Sennabelli of Madras. (Plate

72.) On the leaves of this variety the pujjaria were found affected

with a fungus and the specimens were sent for examination to

Dr. E. J. Butler, the Imperial Mycologist, who wrote :

—

" Mr. Misra collected on 2nd December 1915 at Tharsa Farm, Central

Provinces, a fungus parasitic on the sugarcane mealy-w^ng,

Aleyrodes barodensis, Mask., which he asked me to identify.

It was an Aschersonia, which I submitted to Mr. Petch,

Government Mycologist, Ceylon, who has been engaged on

a special study of the genus and had seen all the Indian

materials available. Mr. Petch now identifies the fungus as

Aschersonia ])lace7ita, B. and Br. This species has not been

previously recorded on a sugarcane pest but is reiativeiy

common in India on species of Aleyrodidse on Citrus, Morus

and other plants. An ally has been extensively used in

Florida and elsewhere against the white-fly of Cirrus.''
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The fungus covered the puparia completely and destroyed them.

At least from a number of puparia covered over by the fungus not a

single adult emerged. On some leaves the parasitic fungus had formed

round yellow hemispherical globules, very much like those of Ceroplastes,

and these were tilted off the leaves easily as soon as they were either

jerked or twisted round leaving whitish round patches which became

conspicuous against the black back-ground on the leaves produced by

the black fungus.

The insects are known as Mashi, Bamni or Popii in Gujarat and

Laid in the United Provinces and some parts of Bihar and Orissa. The

adults are tiny, fragile insects with a pale body, prominent black eyes

and a pair of mealy-wings. The adults are active and may be seen in

numbers on the apices of unopened cane leaves or on the lower surface

of leaves. They have not been seen. to fly long distances but when

disturbed they fly actively from plant to plant. They seem to prefer

the broad-leaved sugarcane varieties to those with short, thin leaves.

They seem to be active from August to the end of March and appear

to be aflected prejudicially with hot v.inds which blow during May and

June in Noithern India. Eggs are laid during the v»-inter, and nymphs,

puparia and adults may be seen during December, January and February.

The pest seems to be active from August onwards, and a large number
of adults may be seen on the apical unopened leaves early in the mornings

from 7 to 9 a.m. After that they disperse and may then be seen on almost

all the parts of the plant. The female is distinguished readily from

the male in being more robust and less active than the male. Copula-

Jion takes place end to end. The male on approaching the female

shakes its wings rapidly whilst the female remains stationary with her

legs stretched out. In one instance they were observed to remain in

copulation for three and a half minutes, v.-hen the male flew away.

The eggs are laid in a line near the midrib or in any part of the lower

surface of the leaf. In exceptional cases the eggs have been seen laid

on the upper surface of the leaves. Otherwise they are laid invariably

on the lower surface of leaves. The eggs are either continuous or broken.

They are deep castaneous or dark black and as such appear prominently

against the greenish background of the leaves. If the female is dis-

turbed at the time of egg-laying the eggs are laid in small clusters on

various parts of the leaf. At times, when a large number of adults

emerge, as is generally the case from August to December, the under-

sid^is of leaves contain a large number of eggs. The eggs are laid mostly

on the apices of unopened leaves, but they are also laid in numbers

en the old leaves full of nymphs and puparia. The number of eggs

• laid varies greatly. In one instance a female began laying eggs at
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7 A.M. and by 8-45 a.m. in the same day she had laid 27 eggs when she

flew away and was seen no more. The least number in a cluster may
be as low as 3 or as high as 51. It is difficult to find the exact number
of eggs laid by a female in the fields as she never lays them at one sitting.

In captivity the number of eggs laid by individual females varied from

27 to 47 and I think it would not be wide of the mark if the average

number of eggs laid by a female be taken as 40. Subsequent to the

observation noted above a female was observed to have laid on the

18th September 1909, 27 eggs in one place, 11 a little to the south of the

former cluster and 10 a little to the side of the first cluster. In all she

laid 48 eggs on the same leaf, though in three separate masses. On
the 8th November- 1911, a count was made of the number of eggs in

diiierent clusters and the result was as follows ;—
Cluster

—

Number of eggs

1st 17

19zna .

3rd ,

4ih .

5th .

()th .

7th .

Sth .

9th .

10th

11th

1 2th

1 Sth

14th

15th

14

51

4G .

38 Of these 14 were laid at a
"distance of not more
than 2 mm. from tlie

main chister and so were
taken to form one clus-

ter.

21

19

In some years these eggs were laid close to the eggs of NeomasheJlia

bergii, Sign, on the lower surface of the same leaf, but could be dis-

tinguished readily from the latter as they are laid in straight lines though

broken. The females of Neomaskellia bergii, Sign., lay eggs either in a

circle or in two crescents very nearly touching each other to form a circle.

The eggs when laid freshly are dull pale brown. They change colour

48 hours after they are laid. They are broad at the base, pointed at

the other end. It is pedunculated* at the broad end with a short,

thick smoky-brown peduncle with which it is attached to the leaf. Each

* A number of females were treated with cool K H 10 per cent, from 24 to 48 hours
and the chitin had become so transparent that Ihe eggs within could be seen distinctly

under the microscope. They were then seen with peduncles attached to their broad
•ends.
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egg touches the other at the sides and may be upright against the phme

of the leaf or a little bent on either side. It is elhpsoid in shape, some-

times covered over with a thin bloom which is hardly perceptible to

the naked eye. The eggs ultimately became deep black and as such

may be seen as thin, black lines on the leaves.

When fully matured, a slit opens longitudinally and the head is

thrown out. Slowly the slit widens and nearly half of the nymph is-

out of the eggshell. After 17 to 28 minutes the nymph is completely

out of the eggshell. It then remains stationary for a few minutes when

it begins to wander about. It is then a tiny pale yellow insect which

wanders up and down the leaf until it settles down to feed. Its colour

becomes smoky yellow, then deep grey, Hght black, and ultimately

shiny black.

Larva—1st Inslar. Length 0-3G mm. including the whitish fringe
;

shape elliptical, colour fuscous grey with two dark spots representing

the eyes ; a whitish waxy fringe on the margin which consists of fine,,

white thin waxy threads intimately touching each other. The waxy

threads rise a little above the margin. Dorsum longitudinally, media--

nally raised with a pair of whitish elcmgate ovoid flocculent globules

touching each other laterally. The two pairs of flocculent globules are

situated on the dorsum between the eyes and the vasiform orifice. Yasi-

form orifice conical, broad at base, apex pointing caudad, rounded

apically, apex not touching the inargin. Edge of the orifice black,

operculum fitting nearly the anterior, basal fiat portion of the orifice

which is posteriorly dark fuscous, anteriorly fuscous yellow. Lingula

long, cylindrical, pointed apically, dark fuscous towards the apex, not

touching the apex of the orifice. It Hes centrally in the space between

the apex of the operculum and the apex of the vasiform orifice. Two
long, greyish setse caudad, with a pair of smaller setse at the side on

the margin with another pair of long dark grey setse a little above the

smaller setse. The space on the dorsum between the posterior median

pair of flocculent globules and the base of the vasiform orifice is finely,

trar.sversely striated.

Larva—2nd Lnstar. Length 046 mm., breadth 0-26 mm. ; elongate

elhptical, slightly convex. The newly moulted larva is greyish-brown

with a dark spot on each side of a median, longitudinal ridge from the

cephalo-thorax to the base of the vasiform orifice dorsally ; a thin,

whitish, waxy fringe on the margin composed of shiny rods touching

each other ; abdomen dorsally, distinctly segmented, the transverse

carinations being especially prominent on the median longitudinal

dorsal ridge, the carinations not reaching the marginal fringe. The

first transveree carination is the longest, nearly reaching the end of the
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central longitudinal dorsal convexity, the second is curved more in-

wardly in the middle, third and fourth nearly equal ; fifth, sixth and

seventh nearly equal to each other, eighth slightly smaller than the

seventh, ninth nearly equ-al to the third. Two dark fuscous spots on

either side of the base of the vasiform orifice ; the space between the

longitudinal dorsal ridge and the lateral margin inwardly is sparsely

covered with a thin whitish meal. Margin finely crenulated, the cre-

nulations consisting of outwardly pointed translucent teeth (as seen

in specimens treated with K H 10 per cent., dehydrated, passed through

clove oil and finally mounted in Xylol X Balsam), the apex of the teeth

not reaching the outer margin ; two translucent white setae cephalad,.

the length of each being O'Ol mm. ; two pointed setae caudad posteriorly

laterally, the length of each seta being 02 mm. ; vasiform orifice sub-

conical, posteriorly shghtly produced and not reaching the margin.

Length of vasiform orifice 0*03 mm. ; operculum broad, flat, nearly cover-

ing loosely the basal broad half of the orifice ; lingula O'OS mm, long, 0*01

mm., broad, broad at base, slightly constricted in the middle and broad

at tip with two fine hairs on either side of the apex, not reaching the

apex of the vasiform orifice though projecting prominently beyond

the operculum ; two transparent tubercles ending in hairs below the

transparent pointed teeth of the crenulations ; two transparent spots

on either side of the base of the vasiform orifice, a series of single pores

on the margin all round below the pointed crenulations.

Nymph—3rd Instar. Length 1-2 mm., breadth 045 mm., shiny

black in colour with a prominent cretaceous fringe in the margin ; shape

elongate elliptical with distinct transverse striations on the dorsum
which is slightly longitudinally raised from the anterior part of the

cephalo-thorax to the base of the vasiform orifice. The cretaceous

marginal fringe consists of thin whitish threads closely toucliing each

other, the length of each thread being 0-24 mm. The dorsum is covered

sparsely with white mealy granules wliich in some places by coalescing

or touching each other closely form small lines. The coalescence of

the granules is greater near the margin thus forming an indistinct fringe

all round the margin inwardly. A httlc away from this fringe inwardly

is another coalescence of granules forming another fringe. There

are ten deeply indented transverse hues on the dorsum. Of these the

first, second and the third are subequal, fifth longer than fourth and
the following sixth, seventh, eighth and ninth subequal and approxi-

mate 1st, 2nd and 3rd in length, tenth small in the form of an inverted

crescent a little above the vasiform orifice.

Vasiform orifice subcorneal, broad at base, apex somewhat not

reaching the margin ; operculum broad heart-shaped fitting loosely into



424 PROCEEDINGS OF THE THIRD ENTOMOLOGICAL MEETING

the basal broad half of the vasiform orifice. The apex of the lingula

projects beyond the operculum and not reaching the apex of the vasi-

form orifice, unicolorous with the operculum.

Nymph—4th Instar. (Nymph as seen on the leaf, not treated with

K H.) In the 4th instar the distinction between the male and the

female nymphs becomes very distinct. Female nymphs are longer and

broader than male nymphs. The nymph immediately after moulting

is dull brown, quickly turning dark grey and ultimately shiny black

with two translucent spots on either side of the longitudinal median

ridge on the cephalo-thorax. A deep excavated line runs interiorly

round the margin. The exuvium remained attached to the nymph for

some time.

The full-grown larva is 2-25 mm. long, I'O.j mm. broad exclusive

of the waxy fringe. Dorsum covered tliickly xaih cretaceous white

meal. Between the whitish dorsal meal and the marginal cretaceous

white fringe a deep black excavated line runs internally round the peri-

phery of the margin. A dorso-median longitudinal cretaceous white

line on the cephalo-thorax and the abdomen extending to the base of

the vasiform orifice, somewhat broken on the cephalo-thort.x anteri-

orly, prominent on the cephalo-thorax prominently and the abdomen

basally.

Vasiform orifice long, in the shape of an elongate cone, apex pointing

caudad, basally and laterally bounded by cretaceous white fines, the

lateral ones meeting below apex of the vasiform orifice forming a thick

white fine which touches the marginal fringe.

In the untreated specimens the operculum and the lingula are indis-

tinct on account of the black colour of the chitin.

Life-cycle and Hibernation.

During August 1913, a complete life-cycle was seen to occupy 24 to

25 days, thus :

—

Eggs laid ..... 9th August 1913.

Eggs hatched .... 16th August 1913.

Adults emerged . . . 3rd September 1913 . . 2.5 days.

In the winter the cycle must be still longer. There is practically

no hibernation in this species during the winter. The adults are found

from November until the end of January and the beginning of February.

They seem to be very susceptible to hot winds during April-June. On
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the 14th April 1908, I made a note to this effect in my note-book

thus :

—

14th April 1908.—Egg-laying sparse, not many imagines are to be

seen on the leaves. The past hot days seem to have had a

deterrent effect on egglaying. Yesterday the temperature

was 109-7 with strong, hot winds and a large number of nymphs
were seen shrivelled up on the leaves

Again on the 12th May 1908, I noted :—

Eggs freshly laid with nymphs of II, III and IV instars on

the leaves. The number" of eggs on the leaves extremely

small. The past hot days seem to have had a deterrent eff'ect

on the growth of the nymphs, and a number of them are to be

seen shrivelled up or looking unhealthy

Last year I tried to work out the life-history of the species to find

out the time taken for a complete cycle during the winter and with this

object found adults in the fields which when confined laid eggs. These

hatched and the nymphs were progressing healthily when the plant on

which they were breeding was found to have been affected with borers

and withered prematurely. In the fields adults are plentiful in the

beginning of December when eggs are laid. They,, however, become

scarce during January, again appearing by the beginning of February

at Pusa.

Parasites and Predators.

I have not hitherto found any parasites on the eggs or on the adults.

The nymphs and the puparia are parasitized heavily by three species

of Chalcididse noted up to this time. It is possible there are many
more which have not been noted as yet. The puparia seem to be

affected more than the nymphs, and the parasitization seems to reach

its maximum by the middle of December. Last year we have had a

few countings made with the following results :

—

No. of nymphs and puparia on leaves i

o. parasi-
, Percentage

tized

3rd December 1918, 397 (one leaf) .

5th December 1918, 1-46 (one leaf) .

12th December 1918, 46.5 (one leaf) .

14th December 1918, 228 (one leaf ) .
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From the beginning until the third week of December 1918, the para-

sites were so numerous that large numbers of them were to be seen on

the infested leaves close to the nymphs and puparia. Their colour

is black and as such they are seen distinctly against the greenish or pale-

green background of the leaves. Of the three parasites observed to

be plentiful during December 1918, the one figured below was the most

prominent. It is a shiny black Chalcidid with antennae and legs pale

stramineous. The wings have no veins ; instead there is a, slight thicken-

ing of the costal margin at base. The tibial spur on anterior leg is very

prominent. The third antennal joint is the shortest and the apical

joint is transversely, obliquely though very faintly divided in some

specimens. In others the divisions are not prominent. In some speci-

mens the apical joint of the left antenna is broader and flatter than

the apical joint of the right antennx which is thin and pointed as shown

in the figures below. This shows the variation taking place in indivi-

dual specimens of the same species. In future generations these varia-

tions may become fixed and lead to the growth of new species. There

were as many as 3 to 6 clean circular holes on some puparia and this

shows that a puparium could harbour as many as six parasites within

it. (Plate 73.)

The fact that at times and in particular localities the pest is very

bad will be clear to any one who has opportunities of observing it on its

favourite foodplant, the sugarcane, in various lociilities in the sugarcane-

growing tracts in Northern India. At Pusa the pest is bad in some

years. A single affected leaf has been counted to .contain from 146 to

as many as 517 nymphs and puparia, and < ne can easily form an idea of

the sap drained off by such a large horde of insects which exude honey-

dew so copiously that it lies thickly on the leaves and gives rise to the

black fungus. In 1907 we tried to remove the affected leaves in the

worst infested plots and much good was done. But this measure though

effective is very drastic in its application and I am chary how far it will

commend" itself to the cultivators. Besides this, no other easy and

equally effective measure seems to be practicable. Some such measure

was also adopted by the Superintendent of Entomology, Baroda, in 1911

or thereabout and he remarked :—

" The result of operations was that all the canes became leafless.

A few weeks after the aspect changed and the plants put

forth healthy and vigorous leaves and the whole crop was

thus reheved of the pest."

The area treated was one acre and 3 gunthas and four cuttings were

made on the Model Farm, Baroda.
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Fig. 1 .—Chalcidid parasite on A. barodensis ; Pusa, December 1918 ; x45.

a. i _
Fig. 2.—Apical joints of (a) left and (fe) right antennae of Chalcidid parasitic on A . barodensis, x400.
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NEOMASKELLIA BERGll.



EXPLANATION OF PLATE 74.

Neomaskellia hergii.

Fig. 1. Eggs on lower surface of sugarcane leaf, magnified (xl3).

Fig. 2. (a) An egg (somewhat shrivelled) ; magnified ( X 67).

(b) A healthy egg, showing peduncle ; magnified ( x 07).

Fig. 3. Female laying eggs on a leaf, natural size.

Fig. 4. Female laying eggs, magnified ( x 5).

Freshly laid eggs, yellow.

Eggs more than 12 hours old. Dark grey.

Fig. 5. Female with wings expanded ; magnified ( x 16).

Figs. 6— 8. LarvEp (dorsal view).

Fig. 9. Male, dorsal view ; magnified ( x 27).

Fig. 10. Male puparium, lateral view ; magnified ( x 20).

Fig. 11. Female puparium, lateral view; magnified ( X 20).

Fig. 12. Female vasiform orifice, viewed from behind, much enlarged.

Fig. 13. Male vasiform orifice and genitalia ; magnified (x67).
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Aleutohbus barodensis, Maskell. These, along with those of A.

barodensis, are found in the majority of cases almost wholly on the

lower surface of sugarcane leaves, but the eggs with the female laying

them are very conspicuous objects on the leaves and once seen cannot

be forgotten soon. Besides, the presence of eggs and the females laying

them are betrayed by the presence of the ants which attend upon them

for the sake of the honey-dew. The ants may be seen standing behind

the females and tapping them gently with their antennae and these are

seen to exude the honey-dew in droplets which are licked up greedily

by the ants. The eggmasses are fairly large, either wholly circular or

consisting of two crescents meeting each other towards their sharp ends

in the centre, thus forming a circular spot. The eggs when laid freshly

are shiny pale yellow and 48 hours after being laid they turn dusky

yellow, the apices turning dark fuscous brown, ultimately tm-ning deep

chocolate brown. They are attached to the surface of leaves by pedun-

cles. In a mass of eggs, some are pale yellow whilst others are dark

castaneous. The former are freshly laid eggs whilst the latter are at

least 48 hours old. The position of the female while laying eggs is

very characteristic. She stations herself mostly on the lower surface

of a cane leaf, the abdomen is sUghtly raised and the legs stretched out

;

the eggs are then laid close to each other on one side—completing either

the right or the left side of the circle ; she then wheels round and begins

laying eggs on the other side. In this posture she becomes a very

conspicuous object on the leaves. The eggs, with the female laying

them, and stationed in the centre, become very prominent. The female

is so slow in her movements that, even if disturbed whilst laying eggs,

she stops for a few minutes and then again begins laying eggs. While

doing so, she is attended by the ants, Canifonotus ccinpressi/s, which

wait upon her for the sake of the honey-dew. Thus she performs two

functions simultaneously. Ste lays eggs and then has to respond to

the gentle taps of her ant-attendants for the honey-dew. When, how-

ever, the female refuses to exude the honey-dew, the ants get annoyed

and remove her to another place to feed. On the 18th July 1907 1 watched

the ants attending upon females while laying eggs. An ant which

repeatedly tapped the female on the dorsum failed to obtain the required

supply of honey-dew. It became irritated, caught hold of the female

gently in its mandibles and transported her bodily to another suitable

succulent spot in the same leaf. On the 21st July 1907, I found the

same female (the female under observation was marked with red on

the abdomen to facilitate distinction from other females) resting 7

inches down from the spot I had seen her on the previous day, with a

number of ants attending upon her.
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The female lays eggs very slowly. Sometimes she has been seen

to continue laying eggs for more than three days. In one case a female

began laying eggs at 11 a.m. on the 16th July 1907 and had not com-

pleted laying eggs till 12 noon on the 20th July 1907. From 11 a.m.,

16th July, until 4 p.m., 19th July, she had finished only one side of the

circle. In another case a female was seen to have started laying eggs

at 5-37 p.m. and by 5-52 p.m. of the same day, 17th July, she had laid

only 4 eggs.

The number of eggs in a cluster varies greatly. It may be from 100

to 150 or more. In a count of eggs in different clusters made on the

20th July 1907 it was found that the number was :—

Eggmass

—

1st
109

2nd 187

3rd
154

4th 129

5th 13-

138
6th

7th

8th

141

126

Average 140 per cluster and this number corresponds to the number

of eggs found laid by two females under observation—one of them laid

138 and the other 141 (clusters 6th and 7th above). In cases where

two or more females have oviposited close to each other the eggmasses

appear like small black patches on the leaves. But this is rather the

exception than the rule.

Each egg is elhptical in shape, 0-25 mm. long, 0-05 mm. broad. It is

attached to°the leaf with a pale brown peduncle. It is broad at base,

and tapers towards the apex with a shght swelhng in the middle.
^

When

fully matured it turns shiny black and remains either upright or incUnes

sHghtly towards one side. When the nymph is about to emerge a sht

opens longitudinally laterally and the head with the antenna is thrust

out. The sht then widens and a pale brown nymph comes out. It

then rests near the empty egg-shell or moves about slowly amidst empty

egg-shells. Having selected a suitable succulent spot, it settles down

and begins to feed. If touched or pricked shortly after emergence it

exudes a drop of clear liquid. The nymphs moult and their exuvia

remain attached to them until they are blown away.

A hfe-cycle takes 20 to 22 days to complete. Thus :—

-

Eggs laid .... 18th June 1914.

Adults emerged . . . 6th July 1914 . . 19 days.
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In another case, a cycle was found to last for 22 days in June 1914.

The adults on emergence move about slowly on the leaves, at times

flapping their wings. They couple end to end and the copulation was

noticed to last for four or five minutes only. The female after laying

eggs becomes sluggish and in a case under observation was found to

rest at the base of a leaf on which she had laid eggs.

The grubs and adults of Scymnus sp. devour the eggs, nymphs and

adults of the mealy-wing. The eggs of the beetle were seen laid in the

midst of eggmasses of the mealy-wing. Each egg is elongate, elliptical,

pointed at one end and broad at the other. The tiny grub that hatches

out is pale-yellow, distinctly segmented with hairs laterally. It moves

under the eggs feeling the peduncles which may be seen to shake when

an affected egg-cluster is seen under the microscope. The grub stations

itS'l If below the egg and gnaws its base with its strong mandibles. Having

eaten one it moves on to another. It also devours the nymphs as well

as the adults. In confinement they showed carnivorous tendencies as

the stronger ones killed and devoured the weaker ones. In several

cases the grubs were seen to kill .more adult mealy-wings than they

ate actually. The grubs when about to pupate become stationary and

pupate on the leaf with the exuvium attached to their hind ends. A
grub pupated on 13th September 1913 and the adult emerged on the

19th September 1913. Besides Scymnus sp., the puparia were found

parasitized by a pale yellow Chalcidid, although the number was not

very large.

The adults are abundant in some years though not so in others.

During the past thirteen years I have come across large numbers of

them during 1907, 1911, 1913, 1914, and 1915. During January 1914

the adults were so numerous on the leaves that they appeared black

from a distance.

This mealy-wing is not a serious pest of sugarcane, but appears

sporadically and may then be seen on the leaves along with A. barodensis.

In Java it is found along with A. ladinea, which I have not hitherto

found m this country.

No measure need be taken against this mealy-wing. If at all

numerous, the collection and destruction of eggmasses could be easily

effected as they are very prominent on the leaves.

Besides Pusa, specimens have also been received from Nagpur

in the Central Provinces. It also occurs on cane in South India. In

the Central Provinces the species has been found to occur on jiiar both

at Nagpur and Tbarsa. (Plates 7.5, 76.)
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Neoniaskellia hevfjU on Atuiropogon
sorghum, Telinkhedi Farm, Nagpur, 1913.







PLATE 77.

ALEUROCANTHUS SPINIFERUS.



EXPLANATION OF PLATE 77.

Aleurocanthus spiniferus.

Fig. 1. Eggs on a portion of leaf.

Fig. 2. Single egg ; magnified ( x 33).

Figs. 3—6. Nymphs.

Fig. 7. Male puparium ; magnified ( x 40).

Fig. 8. Female with wings expanded ; magnified ( x 54).

' Fig. 9. Portion of margin of forewing of female, much enlarged.

(
Fig. 10. Antenna, female, much enlarged.

\
Fig. 11. Genitalia, male; magnified (x20).
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Aleurocanthus spimfems, Quaint. (Plate 77.)

Aleurodes spinifera, Quaint.—Quaintance, Canadian Entomologist,

Vol. XXXIV, p. 63 (1902).

Aleyrodes sfinijera, Quaint.—Quaintance, Genera Insectorum, Fasc.

87, p. 10 (1908).

AleurocantMs sfinifems, Quaint.—U. S. Dept. Agri., Tech. Series, No. 27,

Pt. II, p. 102 (1904).

Distribution.—Java, India.

The nymphs and adults of A. sjoiniferus were first observed by me
early in September 1908 in the Botanic gardens at Pusa on orange,

lemon and pomelo leaves. It, however, appeared on a number of trees

in the same area in the following year when 23 out of 51 trees were
full of the black mealy-wings in all stages. The nymphs and the adults

exude honey-dew so copiously that it lies thickly on the leaves, giving

rise to a black fungus. I have observed these for a number of years

but have not found them to be in any way injurious to the plants, which
however, look unhealthy with a thick deposit of a black fungus which
interferes with the proper function of the leaves and causes them thereby

to become prematurely seared. Such leaves drop off with the nymphs
and puparia on them and when blown away by the wind estabhsh the

mealy-wings on hitherto unaffected plants. Besides this, there is a

pecuhar aroma or smell wafted from the infested trees and it is probably

due to this that a number of Syrphidee were seen to be hovering about

them. An unusually large number of Vespidse were also to be seen visiting

the infested plants, probably for the sake of the honey-dew. I did not

notice ants attending either the nymphs or the adults on the trees.

The eggs, the nymphs and puparia are to be seen on the lower surface

of the leaves invariably. In no case were these seen on the upper sur-

face of leaves. During 1910 the mealy-wing was very abundant on a

large number of Citrus spp. plants in the Botanical area at Pusa. On
the 28th July 1910, a large number of Sylhet orange plants were swarm-
ing with the Aleyrodid in every stage of development and so profuse

was the exudation of the honey-dew and the subsequent development

of Caynodium sp. on the leaves, that they looked black from a distance.

But for this, the plants did not seem to be any way the worse. They
seemed to be flowering and fruiting like others which were not so badly

affected and which were situated at a distance from the former.

Copulation takes place from side to side and the male may be seen

shaking its anal end briskly from side to side and flapping its wingg

which are thinly covered with a white meal. Copulation lasts for from

four or five minutes when the male flies off. The female lays eggs in

VOL. II. B
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spirals on tlie lower surface of leaves. The eggs when laid freshly are

pale yellow but when they are matured they turn orange-brown. They

are elongate oval, somewhat concave in the middle. They are attached

to the leaf surface by means of short, thick, slaty-grey peduncles. If

examined under the microscope the chorion seems to be tessellated

finely vnth hexagonal patterns. The number of eggs laid by a female

has not been determined. In a number of eggmasses examined the

number was found to be :

—

Eggmass

—

1st . . 46

2nd 37

3rd 19

4th 37

5th . . . 39

6th 47

7th 84

'8th 62

9th 41

10th 52

In some cases the spirals forming eggmasses crossed each other and in

others, when a number of females had oviposited close to each other,

they formed broad spots on the lower surfaces of leaves.

The nymphs on hatching fix themselves near the empty eggshells

and move but httle. When the adult emerges, a longitudinal sht opens

on the cephalo-thorax dorsally and the head is thrust out. A few

minutes later nearly half the body is out of the puparium. It then

struggles from side to side and stands bolt upright within the sht on

the puparium. The lateral motions are continued until it is clear out

of the puparium. It is then bright yellow with eyes deep maroon.

The wings are crumpled and remain pressed against the abdomen laterally.

As they get aerated they continue to expand. Twelve to fifteen minutes

after coming out of the puparium the adult begins to move about. The
male puparia may be distinguished easily from the female puparia on

account of their size ; they are much smaller than the latter. The honey-

dew exuded by the adults is so profuse that it hes thickly on the leaves

and gives rise to a fungus, Clasdos'porimn sp., along with the sooty-

mould found so profusely on the leaves.

During August 1909 a number of grubs of Chrysopa fidvolineata

was seen actively running about the infested leaves with the remains

of their victims on their backs. On the 18th August 1909 three grubs

were found on a leaf and from 19th-27th August 1909 they were fed

exclusively with the nymphs and puparia of the Aleyrodid. On the

28th August one of these pupated and emerged as an imago on the 6th

-September 1909.
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Besides these, the nymphs and puparia are parasitized by a small,
pale yellow Chalcidid. From 20-35 adult Chalcidids were seen on a
very badly infested leaf either resting or in cop. The parasitized puparia
may be distinguished readily from healthy ones or those from which
the adults had emerged by the presence of clean circular holes on the
dorsum. On the 7th January 1911 the parasitization was as under :—

—
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quently does some damage, but for tlie first time this year the damage

done by it has become serious."

In the Chhattisgarh Division of the Central Provinces the pests were

noticed for the first time in 1913 when they appeared late in the season

and did some damage to the standing crop of rice. The following year,

i.e., 1914, they appeared early and over a much larger area. They did

considerable damage to the paddy crop in the Bilaspur and the Kaipur

Districts of the Central Provinces. 'The damage done by the hoppers

was so serious that the Commissioner of the Division, Mr. H. M. Laurie,

I.C.S., wrote :—

" I have been touring in the Mungah Tahsil of the Bilaspur District^

and I find much complaint of havoc caused in respect to the heavier

kinds of rice by the insect ' MaJio ' or ' Mahor ' concerning which

you have already made some inquiries. The Deputy Commissioner-

does not think that the damage in the MungaU Tahsil has in any village

exceeded four annas, but I am not quite sure about this. I am inclined

to think that in some villages in which ' Mai ' or ' Garhuna ' Dhan

constituted the bulk of the rice sown the damage may have arisen to

eight annas, or in some cases even more. A loss of four or six annas in

these kinds of Dhan will, according to my behef, be found to be a

matter of fairly common occurrence even in the Mungah Tahsil. The-

damage done in the Janjgir Tahsil is said to be greater than in Mungah.

There is complete unanimity of opinion that this pest is absolutely

new in the experience of the Chhattisgarhi cultivators. Not even the-

oldest inhabitant has seen anything hke it before
"

In order to get an idea of th'e damage done by the hoppers in one

single year one had to visit the localities and he would have been struck

with the havoc caused by the leaf-hoppers. Not only was there no grain,

but the fields were left unharvested, as they were not worth doing so.

By the attack of the hoppers the straw had become insipid and rancid

and as such was not eaten by the cattle which were in bad condition.

It was fortunate that the pests broke out in a mild form during the

following year (1915) otherwise the condition of the people as well as the-

cattle would have been very miserable. In this connection Mr. D..

Clouston, Deputy Director of Agriculture, Southern and Eastern Circle,

Central Provinces, wrote on the 16th June 1915 :

—

"... it appears to jiie, however, that in the event of the pest

doing as much damage as it did last year, it would be highly advisable

to consider whether it is not necessary to appoint a larger entomological

staff for the pioneer work. Even if the pest should fail to spread

beyond the confines of Chhattisgarh, we still have in that DiAdsion alone-
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nearly three million acres of rice. If we allow only 10 per cent, of the

area being affected, we would still have 300,000 acres to deal with."

The total area under rice in the Chhattisgarh Division of the Central

Provinces is 3,315,484 acres. Calculating a loss of six annas in the rupee

for the badly infested sub-divisions during 1914, the total loss comes to

14 and a half million rupees on the basis of 548 lb. cleaned rice per acre

a.t Rs. 3-1-0, the wholesale price. This enormous loss represents* the

destructiveness of the hoppers for one season only, and it is unthinkable

what the loss would have been, had the pests overrun the paddy crop for

a series of years. This also brings into prominence the case of an
insect which is not heard of as a pest in the beginning, suddenly it springs

into prominence, does considerable damage for a series of years and
again sinks into insignificance. The causes which operated specifically

in this instance are not well understood up to the present, and the details

incorporated regarding the life-history, destructiveness, alternative

foodplants, parasites, predators, and preventive and remedial measure,

elsewhere represent two years' work against the hoppers. But as far as

is known the parasites and predators were not so abundant during the

seasons when the hoppers were specially abundant, as to warrant the

conclusion that they were materially effectual in the destruction and

subsequent disappearance of the pests. It may be possible that in

-subsequent years 1916-18 they have appeared in numbers just at the time

•when the hoppers were developing and thus circumvented their increase.

But in the absence of definite observations or data to substantiate the

above conclusion, nothing definite could be put forward to explain

satisfactorily the non-appearance of the pests during the years 1916-17

and 1918. That the climatic conditions play no mean part in circum-

venting or diminishing the numbers of pests requires no explanation,

but a critical study of the meteorological data for the years during which

the pests overran the paddy crop and damaged it considerably and the

subsequent years when they did not appear in numbers does not yield

sufficiently convincing facts to explain the abnormal appearance of the

pests.

In 1915 the hoppers appeared late and in small numbers and in

consequence no serious damage was done. These were preceded by
an unexpected outbreak of Hieroglyphus banian, and the three Delphacid

leaf-hoppers. Sogata pusana, Dist., Sogata distincta, Dist., and Sogata

fallescens, Dist. These latter were mistaken for the leaf-hoppers and the

measures recommended in the previous year against N. bipunctatus and

N. apicalis were promptly put in operation, with the result that no

tangible results were achieved. It was no wonder that the recommenda-

tions should have borne no fruit as the two pests differ profoundly in
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habits. The rice leaf-hoppers are attracted to light whilst the Delphacidl

leaf-hoppers are not. The Delphacid leaf-hoppers develop fast in a

damp and moist atmosphere whilst the rice leaf-hoppers require hot

sunny days to reach their maximum development. The Delphacid'

leaf-hoppers, Hke the rice leaf-hoppers, lay their eggs in the issues of

leaves. The nymphs on hatching out remain on the leaves sucking

the juice and exuding the honey-dew which accumulates on the lower

leavts. The nymphs as well as the adults aie extremely agile and with

the least disturbance jump off from plant to plant. With the break

in the rains in the middle of September 1915, the Delphacid leaf-hopj ers

perished in hordes and were largely parasitized by a Dryinid. ' nnume-

rable nymphs of the Delphacid leaf-hoppers could be seen with dark-

castaneous to blackish ovoid sacs either on the meso and meta-pleuraL

regions or on the penultimate segment laterally. When parasitized by

the Dryinid, the nymphs became sluggish in their movements. They

were then to be seen either moving about awkwardly on the leaves or

jumping off short distances only. When the parasitic grub becomes full-

fed, the sac containing it dehisces longitudinally and a whitish legless

Dryinid grub comes out. It moves about a little or rests on the spot it

came out of the sac and begins spinning a thin hammock-shaped cocoon

within which it spins another, ovoid in shape and consisting of firmer

texture than the outer one. From such a cocoon the adult Dryinid comes

out by biting a circular hole with its strong mandibles. On emergence

the adult is very active and flits about the fields infested by the Del-

phacid leaf-hoppers. In fact the Dryinid was responsible for the destruc-

tion of a large number of Delphacid leaf-hopper nymphs. The nymphs

seemed to be the special victims as in no case could I see a parasitized

adult. An examination of a large number of paddy fields in the infested

area in the Bilaspur District of the Chhattisgarh Division, Central Pro-

vinces, showed that a large number of pupae of the parasite were to be

seen on the infested plants. With the disappearance of the Delphacid

leaf-hoppers the Dryinid parasite also disappeared. The two pests

preceding the leaf-hoppers were destroyed to a large extent by the use

of field bags, by squirting kerosine in the infested fields and drawing a

rope across the fields so as to get the nymphs as well as adults in contact

with kerosine on the water. The cultivators also bagged their fields

with dhoties turned into temporary bags, previously moistened with a

httle kerosine.

The affearance of the infested fields.

The infested fields appeared blighted. In the year when the leaf-

hoppers appeared early, when the paddy plants were hardly above the-
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ground, considerable damage was done. The hoppers, both the nymphs
and the adult, sucked the juice, in consequence of which the affected

plants turned pale brown, then brown and ultimately withered away.

If, however, the hoppers appeared at a time when the plants were about

to put forth ears, so much sap was drained off that these plants were

lowered in vitality and so failed to put forth ears. In places it was alsc^

found that if the appearance of the hoppers synchronized with the

appearance of the ears on the plants, there was no grain in them and they

appeared puckered or prematurely blasted. It was found that in loca-

hties where the crop had attained sufficient maturity httle or no damage
was done. It was also noticed that the early ripening varieties of paddy
either entirely escaped damage or were damaged to a very small extent.

Late ripening and transplanted varieties as well as those in Gehunras-

lands [lands adjoining villages and enriched from the village washings

and the particular habits of the local inhabitants] were the worst sufferers.

The reason for this is not far to seek. The varieties of paddy usually

grown in Gehunras lands are usually late varieties and as such remain

green and succulent at the time of the appearance of the hoppers. It

was also noticed that the leaf-hoppers preferred to feed on these than the

Harhum [early ripening] varieties growing on Bhila lands [undulating

lands with laterite nodules in process of disintegration]. In some places

the visitation of the leaf-hoppers on rice plants was associated with the

reddening of the water of the infested fields, and it was explained that

when the honey-dew exuded by the hoppers—both nymphs and adults

—came in contact with the water in the fields, it turned red. I made a

search for such fields during September-October 1915, but could in nO'

way associate the discolouration of the infested fields with the honey-

dew exuded by the insects. In fact I could then hardly find a field which

had turned red markedly. All that I could see, and that too in two or

three instances only, was that the water in the infested fields had turned

slightly red. This was close to the Bhata lands and I could not associate

the discolouration with the honey-dew exuded by the hoppers. In fields

adjoining fields containing discoloured water the damage was just the

same although the water in them had not become discoloured. I did not,

in fact, come across a field wherein the damage was more than others

containing normal rainwater. No doubt in two or three villages in

the Bilaspur District I came across fields where Sderotium oryzce was
bad, especially in Gurmatia variety of paddy. If, however, the redness

of the infested fields is associated with a fungoid growth, my experience

in the worst infested areas deters me from vouchsafing for the correct-

ness or otherwise of the plausible explanation offered for the pecuhar

phenomenon observed in the hopper-infested areas.
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Life-history. (Plate 78.)

On the ninth to tenth day after maturity, the female begins to lay

«ggs in the tissues of the sheathing leaves. At times, when the hoppers

are at their worst, eggs may be seen laid in the tissues of midribs of leaves

as well as in the edges. But such cases were rather the exception than

the rule. In working out the life-history of the pests at Pusa, I found

the eggs laid invariably in the edges of the sheathing leaves to stems.

There is nothing to show externally the place or places where the eggs

have been laid. If, however, a close examination is made of the spots

yhere eggs have been laid with a hand lens, a shght swelhng will be

Apparent. There is no whitish froth or any whitish cretaceous hairs

deposited on the eggs to make them conspicuous objects, especially

against the greenish background of the leaves. The female when about

to lay eggs approaches the edge of a sheathing leaf, makes a longitudinal

slit with her strong ovipositor and deposits the eggs in quick succession.

The eggs when laid- freshly are pale-yellow with two dull red spots. The

number of eggs laid varies from 22 to as high as 37. In a specific instance

under observation, a fem.ale was found to deposit 34 eggs in a slit 9 mm.
long.

AVhen the nymph emerges a sht opens at the apex represented by two

deep maroon-coloured specks and the head is thrust out. The nymph

then squirms from side to side until it is clear out of the egg-shell. It

then presents a shiny appearance and is enveloped in a thin membrane

which on exposure ruptures allowing the nymph to move about, leaving

the amnion attached to the apex of the empty egg-shell as a thin crumpled

pellicle. The eggs were found parasitized by a small, pale yellow Chal-

cidid. The parasitized eggs turn black and the adult Chalcidid emerges

after making a clean, circular hole in the egg-shell. After the emergence

of the parasites, the empty parasitized egg-shells appear deep, fuscous

brown with their apices black. The number of parasitized eggs was not

large, and the parasite could in no sense be reckoned as an effective

check to the development of the hoppers.

The nymph on coming out of the egg-shell is active and after only a

few seconds begins to move about on the leaf. After moving up and down

the leaf for a few minutes it soon selects a spot where it fixes itself, and

begins to suck the juice. It then exudes the honey-dew which falls on

the lower leaves and accumulates there. The nymphs are very active

and jump off with the least disturbance. During the hottest part of

the day they may be seen clustered together in enormous numbers below

leaves. If, therefore, an infested leaf be held up to the hght, it will be

found to contain a number of punctures representing the spots where the

nymphs and the adults had thrust their rostra to suck the sap which





EXPLANATION OF PLATE 78.

Fig. 1. Rice plant with young and adult hoppers on it.

Fig. 2. Eggs in a sheathing-leaf of a plant x 14.

Fig. 3. An egg (much enlarged).

Fig. 4. Nymph, 1st instar x 72

Fig. 5. Male hopper x 15.

Fig. 6. Female hopper x 15.



PLATt: 78.

NEPHOTETTIX BIPUNCTATUS.
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should have gone ordinarily to the maturing of the plant. In the case

of the worst infested fields as many as 167 adults and nymphs were found

to feed on a single leaf. Unlike the adults, the nymphs are not attracted

to the hght.

The nymphs before maturing into adults pass through five moults.

At the time of moulting the rostrum is so firmly embedded in the tissues

of the leaves or the stems, that if the exuvia are lifted with a teaser,

the rostral setse break off and remain embedded in the tissues. After-

passing through five moults the adults appear on the leaves and are

then represented by two species. The characteristic differences between

the two species are :

—

Nephotettix bipunctatus, Fabr. (Fauna of British India, RhyncJwta,

Vol. IV, p. 359, fig. 228). Yellowish brown, shining, smooth, face (except

the lateral margins) and a spot on each side of clypeus black ; tegmina

with a spot before the middle and the apical two-fifths black ; lateral

spots to sternum and abdomen black. The female is usually without

the discal black spot to the tegmina and with the face as described for

the varietal male.

Nephotettix apicalis, Motsch. [Fauna of British India, Rhynchota,

Vol. IV, pp. 360-361, fig. 229). Yellowish virescent, smooth, shining
;

face, anterior subimpressed transverse line on vertex between anterior

margins of eyes, anterior margin of pronotum, scutellar and commissural

margins of clavus, a spot before the middle extending to the claval

suture and there acutely produced hindward, apical third of tegmina,

sternum, abdomen, greater part of the femora, anterior tibise and the

tarsi black ; the posterior tibiae at the bases of the spinules spotted with

black ; ventral incisures flavescent.

N. apicalis is closely alUed to N. bipunctatus, but differs in having

the head shorter and more obtuse, anteriorly obtusely rounded and by

the marking of same. Head as broad as pronotum, but somewhat

shorter, vertex a little longer in the middle than at the eyes, scarcely

twice as broad between eyes as long, anteriorly within the margin trans-

versely impressed.

In plain language, the females in both the species are unspotted.

They are pale green in colour, with a strong, brownish ovipositor with

which they laterate the tissues of the leaves and deposit the eggs. The

males in both the species are black, one has two black prominent spots

on the wings, in the other there are two oblique black lines. There is

very little difference between the females of both the species. The adults,

both males and females, remain on the lower surface of leaves mostly

near the midribs sucking the juice during the hottest part of the day.

At dusk they become active and fly from plant to plant. While feeding
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they exude a clear, thin liquid—the honey-dew—which, falling on the

leaves below, makes them very sticky. The adults of both the species

exhibit a strong predilection for light.

Of the tw6 species, Nephotettix bipunctatus was the most predomi-

nant, and the observations regarding life-history, etc., recorded herein

relate mostly to N. bipunctatus.

Life-cycle.

During September and October 1916, a life-cycle was found to occupy

from 17 to 25 days. The egg stage lasts from 4 to 6 days, and the nym-

phal stages were found to last for 13, 17, 19 and 21 days. In a specific

case under observation it was found that a female which matured on th&

r2th October 1916, began laying eggs on the 21st of the same month.

Hibernation.

From a record extending over sixteen months at Pusa, it was found

that the hoppers hibernated during the winter in the adult stage.' This

was found to be case at Pusa, where the climatic and other conditions

are so dissimilar to those prevailing in the rice tract of the Chhattisgarh

Division of the Central Provinces, that some time was devoted to finding

out the stage in which the adults of the two species hibernated during

the winter. The observations made there corroborated the observations

made at Pusa and it was found that the adults hibernated in a number of

green succulent grasses in dry pond or river beds or in such other places

where moisture was available for the grasses to exist. A few adults

were also found in long grasses on field embankments and road sides-

But the number of adults collected was not very large.

Distribution.

The two species of hoppers have been recorded by Mr. Distant in the

Fauna of British India, Vol. IV, pp. 359-362 from Calcutta, Pusa, Ranchi,.

Saraghat, Dacca, Ceylon, Borneo, Sumatra, Philippines, East Africa,

Natal and Durban. Dr. Matsumura has recorded N. apicalis to occur in

China, Japan, Malaya, and Europe. In the Pusa collection there are-

specimens from Balasore, Chapra, Pusa, Kankey Farm (Ranchi), Sam-
bhalpur, Raipur, Sakti, Janjgir, Drug, Sindewahi, Coimbatore, and

Chanphai in the Lushai Hills.

Though the above record is fairly extensive, the hoppers have been

reported as serious pests to rice plants from Chanphai in the Lushai^

Hills and a tract of country which may be said roughly to extend from'

Balasore in the East to the borders of the Raipur District in the Central
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Provinces in the West. Elsewhere the hoppers are found more or less

but not in such large numbers as to be considered as pests. In towns

such as Calcutta, the hoppers are known as green-flies which swarm in

milUons around arc lamps in the streets and in private residences. But
they have not been reported as yet as serious pests to rice. The question

is well worth studying and I am sure further study of such abstruse and

obscure points connected with the life-history, habits and seasonal

variations of the pests will afford material which will lead to the adoption

of such measures, both preventive and remedial, as would prevent them
effectively from laying a heavy toll on the country's produce and these-

by denying the patient and sturdy cultivator the fruits of his labour.

Alternative food-plants.

Hitherto the hoppers have been found exclusively on green succu-

lent grasses growing in damp places in pond and river beds as well as

on grasses growing on field embankments in suitable localities. They
have also been found to some extent on millets, especially Kodon
{Setaria italica). Besides these, I am unacquainted with any other

foodplant on which the hoppers are found to live and to breed.

Local names of the pests.

In the Chhattisgarh Division of the Central Provinces the hoppers

are known under the common name of " Maho " or " Mahor " but

preferably the former. The local word conveys an idea of the blight

caused by the insects. Some cultivators nicknamed the hoppers as

" Maho " on account of the honey-dew exuded by them, which made the

leaves of the infested plants sticky. In the adjoining Oriya district of

Sambhalpur in Bihar and Orissa the pests are known as ' Daoni,' ' Ghung-

Jmtti ' or ' Dhana.' In the Balasore District they are known as ' Jhatkas.'

The Lushais call them the ' Kumthu.' Besides these, other minor local

names for the hoppers were a legion in the Chhatisgarh Division but

that most in common and familiar use was " Maho."

Other insects associated tvith the leaf-hopjjers.

During 1915, prior to the appearance of the leaf-hoppers, Hieroglyphus

hayiian and Sogata spp. appeared in enormous swarms in the Central

Provinces and damaged the paddy crop considerably. Later on when
the hoppers appeared the following insects were also found in numbers
in the infested fields :—

(1) Athysanus indicus, Dist.

(2) Athysanus fusconervosus, Motsch.
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(3) Thomsoniella albomaculafa, Dist.

(4) Tettigoniella spectra, Dist.

(5) Kolla sp. near mimica.

(6) Selenocephalus virescens, Dist.

(7) Paramesus lineaticollis, Dist.

(8) Cloviapuncta, Walk.

In Cuttack and Balasore Districts in Biliar and Orissa, Pachydiplosis

oryzce occurred simultaneously with tlie hoppers and did considerable

damage.

Besides these, Sclicenobius bipunctifer, Cnaplialocrocis medinalis and

Chapra matliias were also found more or less in the fields infested by the

hoppers.

Preventive and remedial measures.

A number of measures were tried during 1914 and 1915 and of these

the following appear worth adopting in cases of future outbreaks of the

pests. It was also found that the measures adopted met with varying

success depending very much upon the particular proclivities of the people

and the local conditions prevailing in a particular tract in the infested

area. In some places, oil for the lamps was available and people were

willing to set up lantern traps, in others people readily took to bagging

the hoppers. In some places the local cultivators, profiting by their

previous experience, had put down a greater portion of the iarea culti-

vated by them under early maturing varieties, thereby getting a crop

whereby to maintain themselves as well as their cattle. In fact, some

such innovation in local methods of cultivation was seriously mooted by

us in case the pests ran their course for a series of years. But fortunately

for the raiyats the pests appeared for two years only and have not been

reported as yet from any rice-growing tract in the Central Provinces

since 1916.

1. As far as possible the cultivators should be impressed with the

necessity of ploughing up their fields after the crop has been harvested

and thereafter to allow the cattle to graze freely in the cultivated areas.

2. If there have been good rains during March-April, and the rainfall

is not heavy during July-August, with a considerable break in the rains

in the latter part of August and early September with a spell of hot sunny

days, the nurseries as well as places containing green grasses should be

bagged either with hand-nets or dhoties turned into bags and lightly

sprinkled with kerosine oil.

3. Considerable pioneer work remains yet to be done, but if from

data collected in the areas affected last it is found that the number of

hoppers is larger than in normal years, systematic bagging is to be
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started. No doubt, the measure is not much appreciated by the local

people who are either loath to buy the cloth required for the bags or

are unable to contribute labour necessary to work the bags. But in

the long run, if the unexpected happens, it is possible that they will take

to the measure to escape the loss caused by the hoppers.

4. To set up light-traps during July-August when there are only

a few hoppers and again at the end of September when they reach their

maximum developments. The local people do not like the idea of going

to their fields at night and putting up the lanterns. They are mortally

afraid of vermin which in some parts are very common. But the appoint-

ment of a few specially trained men to take charge of two or three villages

at a time was found to work well, and the local cultivators were willing

to pay for the extra cost of maintaining a Kamdar.

17.—COTTON BOLLWORMS IN INDIA.

Bij T. Bainbrigge Fletcher, R.N., F.L.S., F.E.S., F.Z.S., Imperial

Entomologist, and C. S. Misra, B.A., First Assistant to the Imperial

Entomologist.

The name " Bollworm " is applied in India to two distinct groups

of moths whose larvae bore into cotton-bolls. Firstly it covers two

Noctuid moths of the genus Earias, E. fabia and E. insulana, and

secondly it includes the Gelechiad, Platyedra (Gelechia) gossypiella, com-

monly called the " Pink Bollworm " on account of the salmon-pink

colour of the larva in its later stages. These Bollworms, and especially

the two species of Earias, have been under close observation at Pusa

for many years past and in this paper we propose to record a few of the

conclusions at which we have arrived, without going into full details

on every point.

- Prior to 1903, Bollworms were known to affect cotton, but they

were not considered so serious as is now realized to be the case. It was-

in 1905, with the failure of the cotton crOp in the Punjab and in 1906 in

Sind, that they (and E. insulana in particular) came into prominence.

In 1905, a very serious cold snap occurred during the winter in the

Punjab, and it was presumed that the parasites which normally kept

the bollworms in check had been affected adversely, the result being a

failure of the crop over a greater part of the Province.' In 1911 also the

loss to cotton in the Punjab was much greater than in normal y(!ars.

Since 1911 there has been no serious outbreak but it is certain that the

total loss brought about by these insects annually is very great. Thfr
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Punjab is of course by no means the only, or even the largest, cotton-

growing Province within the Indian Empire, the total area under cotton

in the various provinces of India in 1917-18* being :

—

Province

Bombay

Central Provinces and Berar

Hyderabad State .

Madras

Punjab

United Provinces .

Central India States

Rajputana .

Sind ....
Burma

Mysore

Bihar and Orissa .

North-West Frontier Province

Bengal

Ajmer-Merwara

Assam

Total

Area (acres)

8,227,000

4,582,000

3,451,000

2,592,000

1,799,000

1,316,000

1,434,000

Yield (bales

of 400 lb.

each)

1,571,000

591,000

450,000

569,000

271,000

198,000

116,000

435,000
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adopts such measures as lessen tlie incidence of the pest or reports the

matter to a Revenue authority or a member of the Agricultural Depart-

ment to secure some relief. In ,the case of Bollworms, the damage

done by them is felt either at the time of picking cotton or after the crop

has been picked. It is then that the shortage of outturn is ascribed to

the Bollworms.

The distribution in India of the two species of Farias is very charac-

teristic. In the Punjab and Bombay Farias insulana preponderates

over Farias fabia, which outnumbers the former in Bihar and Orissa,

Bengal, Madras and the Central Provinces, This statement is made
under reserve and is liable to change with a fuller inquiry into the status

of the pests in all the important cotton-growing tracts in India, At

Pusa, Farias fabia is by far the commoner species, Farias insulana

being found more in Abutilori indicum than in cotton. In the United

Provinces F. fabia is found in greater numbers than F. insulana although

the real pest to cotton in these Provinces is Platyedra (Gelechia)

gossypiella. In the North-West Frontier Province it is the Pink

bollworm which does more damage to cotton than Farias insulana.

In April 1913, Mr. Robertson-Brown, Agricultural Officer, North-West

Frontier Province, wrote as follows :

—

'* In the North-West Frontier Province we find that the Pink Boll-

worm {Gelechia gossypiella) is very much more common
than Farias insulana. In fact we rarely find the larvae of

the latter in cotton-bolls. On the other hand, I have caught

quite twenty green moths of Farias insulana flitting around

my dining-room lamp during winter. We also find that the

larvse of Pink Bollworm are found in greater numbers in

kapas when hand-ginning is being done in the villages. We
were of opinion that the Pink Bollworm was not so common
as Farias insidana. Will you very kindly say if Gelechia

is more common than Farias in any other part of India ?

Mr. Lefroy records that the Pink Bollworm hibernates chiefly

as a larva and that Farias hibernates more commonly as a

pupa and moth. That being so, it appears to us that the

Pink Bollworm would be more easily checked than Farias.

In 1910 we had a quarter of an acre of very perfect and

heavily fruited bhindi as a trap-crop for bollworm, but we

did not trap very many larvae. Now that we have found

that the Pink Bollworm is our comnftnest pest, it is under-

stood w^hy the bhindi was not much affected, as Mr, Lefroy

f5ays Pink Bollworm does not affect the crops allied to cotton

" {vide letter No, 665, dated the 22nd April 1913).
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Subsequent to this, Mr. Safdar Shah, L.Ag., Entomological Assist-

ant, North-West Frontier Province, wrote :

—
" In either case Rhogas

lefroyi has been found to parasitize Gelechia as well as Earias. It

appears that in the early part of the cotton season Earias is common

with us, whilst in the latter part Gelechia " This experience

accords w-ith ours at Pusa, where the bollworms E. fabia and E.

insvlana are present in larger numbers than Platyedra gossypiella in the

beginning of the cotton season from July to November, after which the

Pink worm is more in evidence and does most damage. Besides, in

India, in places where cotton is introduced for the first time, it becomes

heavily infested by the bollworms. In May 1909, Mr. E. E. Green,

Government Entomologist, Ceylon, wrote :—" We have recently, for

the first time, grown some plants of cotton, on our Peradeniya ex-

perimental station. No other cotton is or has been cultivated in the

place, yet the very first crop has been completely ruined by the Pink

bollworm {Gelechia gossypiella) I have examined allied malvaceou,?

plants {e.g., H. ahelmosclius) but have found no trace of infestation
"

A similar stage of affairs arose in Burma when cotton was grown there

for the first time, as Mr. F. G. Sly, Officiating Inspector-General of

Agriculture, wrote from Burma on the 22nd February 1905 :—" The

cotton had grown fairly well—a good show of plant, but nearly all

the bolls were destroyed. It flowered freely, formed many bolls, but

quite 75 per cent, of the bolls were destroyed. I presume that thi&

is bollworm V
In the United Provinces P. gossypiella has come to be recognized as

the most serious pest to cotton and the Pusa experience warrants the

same conclusion. In the beginning Earias Jabia was thought to be res-

ponsible primarily for the loss to cotton suffered every year. But subse-

quent work in connection with Bollworms has brought out the fact

prominently that it is the Pink Bollworm which does the greatest amount

of damage. One fact that has been brought out very prominently by

the investigations for the past seven years is, that the Pink Bollworm.

is not so susceptible to the attack of parasites as are E. fabia and E.

insidana, although a Microbracon {? M. lejroyi) has been found parasi-

tizing Pink Bollworms both in cotton and in its alternative food-plant

Hibiscus abelmoschus, which has proved with us a very useful trap-

crop for Earias, but we have never found any Chalcididce parasitic

on the eggs, worms or cocoons of P. gossypiella, and this experience

is corroborated by thai^Mr. E. E. Green in Ceylon, who wrote—" I

have been keeping this insect under observation for many months, and

have not yet raised a single parasite from it " {in litt., 4th November

1909). Last year (1918), however, Bethylid parasites (Plate 79) were
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obtained from Pink Bollworms in cotton-seed obtained from the cotton

seed stores at Nawabganj (Cawnpur) in July 1918. The seed was kept

for observation in a dish and was frequently examined. Between

July and October only three Bethylid parasites were obtained and no

other parasites. The seed was then cut up and examined and was

found to contain no other insect excepting the Pink Bollworms. On a

former occasion in 1915 a parasite was sent by the Entomological

Assistant, United Provinces, Cawnpur {vide I. R. No. 893 ; 4th January

1915) and this was similar to. the three parasites bred last year from

cotton-seed obtained from the same locahty. This lends colour to

the supposition that the Bethylid parasite bred last year was actually

parasitic on the Pink Bollworm. But as far as Pusa is concerned, we

have not been able to obtain any Bethylid or Chalcidid parasite either

on the eggs, worms or the pupae of the Pink Bollworms. [Since thia

paper was read, one of us (T. B. F.) has obtained at Coimbatore a

Braconid which is apparently parasitic on P. gossypiella.]

With the failure of the cotton crop in the Punjab, cotton was grown

at Pusa to make observations on the cotton pests, especially for the use

of the post-graduate students under training. From 1906 until 1911,

the varieties of cotton were mostly utilized for the despatch of parasites

to the Punjab whenever required. It was in the year 191:^ that regular

sowings of cotton were made and detailed observations started regarding

the bollworms E. fabia and E. insidana, as well as Platijedm gossypiella.

Since then, attempts have been made to gather information to elucidate

the following points :

—

(a) The life-history of the Bollworms.

(6) Alternative food plants.

(c) Distribution of the Bollworms throughout the year.

{d) Parasites, the extent to which these are effectual in keeping

the bollworms in check, and the hfe-history oi' Microhracon

lefroyi.

(e) To find the alternative hosts of Microhracon lefroyi so as to

breed them when they were not found on Earias, and to

facilitate collection and despatch of them whenever they

are required in any Province to restore or preserve the

balance between the Bollworms and this parasite.

(/) The effect of mixed cropping on the incidence of Bollworms.

{jg) The effect of cultural methods, i.e., thick and thin sowing, oa

the presence of the Bollworms.

VOL. II c
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(/i) Besides the trap-crops and the introduction of parasites, trial

of mechanical measures which may be effective in reducing

the affection of cotton by Bollworms.

(k'^ The relative immunity of varieties of cotton recommended for

adoption in the Provinces.

(a) The Life-history of the Bollworms.

The two species of Earias, E. fabia and E. insulana, occur at Pusa

along with Plaiyedra gossypiella and Earias cupreoviridis (chromataria),

which last has not hitherto been found in cotton, although it is found in

Hibiscus abelmoscJius along Avith the two other species of Earias. In

Pusa the number of Earias fabia is much larger than Earias insulana,

which is found more in Hibiscus abehnoschus and Abutilon indicum.

The adults are active at dusk and night and have been especially noticed

to flit in numbers about the fields at dusk. During the daytime they

remain in hiding below plants, under fallen leaves or other weeds in the

fields. The adults are attracted to strong light and are occasionally

found to come to light within houses. But the number so attracted is

not large and experiments made to attract them to light have not been

successful. It is possible that ^he light put up was not sufficiently

strong to attract them. What we used was the ordinary hurricane

lamp (Junior Dietz) hung over a pan containing water with a film of

kerosine. Occasionally an acetylene (Meduse) lamp-trap has also been

used, but no moths were trapped in it.

The adult female becomes active after dusk and lays eggs on the

flowers and leaf-buds, tender top-leaves, capsules and flowers and their

bracts. The eggs have not been seen laid on old toughened or seared

leaves. At times the eggs are seen laid in the axils of leaves but this is

rare. The larva on hatching moves about and bores into the buds,

bolls or the top-shoots. At Pusa the larvae as well as the adults are

present throughout the year and, practically speaking, there is no hiber-

nation, although activity is considerably restricted during the winter

months—December, January and the first half of February. When
the temperature rises the moths begin laying eggs either on cotton, if

any is available, or on other malvaceous food-plants available in the

locality. The larva bores into the shoots, flowers and buds and the

characteristic appearance of the withered shoots is very prominent.

In Bihar as well as in the United Provinces, the winter vegetables are off

the ground aild are generally replaced with Hibiscus esculentus, gourds,

etc. The bollworm moths have, therefore, no difficulty in finding

their alternative food-plant, bhindi, and breeding in this. In Sind they
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liave been found breeding in ratoon plants which were growing indivi-

dually on the outskirts of villages or in quite out-of-the-way places.

If food-plants are available the bollworms develop in these in sufficient

numbers and attack the crop when the plants are grown up in the fields.

During July and August a large number of plants are affected and these

have their tops blanched or withered. The tops of affected plants, if

allowed to remain on the plants, soon tiller into fresh shoots which in

turn are again affected by the bollworms. In such cases the growth of

the plant is retarded considerably and it fails to put forth the normal

number of bolls. Such plants present quite a characteristic appearance

in the fields and can soon be spotted. If, however, at this stage such

plants be pulled out and, instead of being thrown away on the field

embankment to allow the worms to breed and thereafter to emerge as

adult moths to lay eggs again, they be burned, considerable good will be

done. In all the important cotton-growing tracts in India where the

cultivation is done intelHgently, every cultivator after sowing the seed

in lines, thins out the plants a foot to a foot and a half apart when they

are from a foot to a foot and a half high. In such tracts this practice

forms a regular part of the cultivation. If, however, the cultivator

^ould be induced, or rather educated, to the extreme necessity of pulling

out such plants first as show signs of withering, considerable good would

be done. After the withered plants have been removed, he could then

space out the rest to a distance of a foot or a foot and a half, as the

practice may be locally. To do this still more effectively and without

detriment to his interests, it would be advisable to use a larger seed-

rate than is in use at present and, as the cost of seed is not much, it is

expected that the cultivator will not be a loser by a small initial extra

outlay in the seed. This extra cost will however be recouped later on

by the extra produce obtained from the fields. If this practice can be

brought home to the cultivators much good is likely to accrue and the

baneful eft'ects of the attacks of the Bollworms, if not totally reduced,

will be greatly minimized. This measure has appealed to us most after

seven years' work with the Cotton Bollworms at Pusa, and we think it is

a measure fraught with much good if adopted efficiently. Since the Boll-

worms are already present in the land, it is not possible that, with the

. adoption of this measure only, miraculous effects will follow. It all

depends upon the way the question is tackled. Patient and continuous

work for years together is required to produce any appreciable result.

The cultivator, as a rule, is very conservative and as such is loath to

take to novelties unless he is convinced that they are effective and thus

likely to compensate him for his extra expense and labour. Once he is

convinced of this, he is quick to adopt the measure and to practise it

o2
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regularly. No doubt along with this simple measure, other measures

will have to be adopted concurrently to produce the desired result. The

introduction of parasites will still require to be done. But much reliance

cannot be placed on this parasite work, unless it is done by specially

trained men. This work is rather technical and as such cannot be

trusted to an agency, such as the cultivators, to adopt and carry it

through. The parasites, though effective as checks to Bollworms ta

some extent, cannot be expected to bring about the desired change

soon, unless a parasite is found which breeds fast and lays a large

number of eggs. None of the Bollworm j)arasites known up to this

time fulfils these conditions. Microhracon lefroyi no doubt parasitizes

Farias as well as the Pink Bollworm (Platyedra gossyj^iella) to some

extent, but does not seem to be the ideal parasite so far as our investi-

gations at Pusa appear to indicate. Being a Braconid it lays only 11

to 13 eggs on its host—the maximum number of eggs found laid by M.

lefroyi in the Punjab is said to be 21—and, as these grubs develop a

tendency to cannibalism in confinement, it is possible that even this

small number of grubs does not develop on the host. Thus it is not

able to keep pace with, the development of its host and as such

is not very effective in circumventing its further increase. We have

worked at the question of parasitization for some years past, and

have come to the conclusion that Chalcidid parasites are more effective

than either Braconids or Ichneumonids. Hitherto we have not

found any Chalcidid parasite which can be said to be effective against

the BoHworms. The one Chalcidid parasite that has been found is on

the pupse and is not very effective. Hitherto we have not found any

parasite on the eggs and none such has been recorded from other cotton-

growing countries where Farias occurs, and this is because of the way

the eggs are laid on the host-plants. The eggs are laid singly and are

coloured cryptically. It is perhaps due to some such cause that the eggs

enjoy complete immunity against parasites.

Farias fabia and F. insulana are found at Pusa in cotton. Hibiscus

esculentus, H. abelmmchus, H. Sabdariffa, H. j^anduriformis, H. rosa-

sinensis, H. cannabinus, Abuiilon indicimi, and Altlicea rosea. They have

not yet been found in Hibiscus vitifolius, H. mutabilis, H. tricuspis or

Malachra capitata, although these plants have been examined from

time to time. It is only in Hibiscus abehnoschus that we have been able

to find all the three species of Farias, F. fabia, F. insulana and cupreovi-

ridis, feeding on the same plant. F. cupreoviridis attacks jute capsules

also and has not been found in cotton. Farias insulana is found more

frequently in Ab^Uilon ind.cvyn than in either cotton or H. esculentus

at Pusa. The larvae of all the three species of Bollworms have been-
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found parasitized by Microhracon lefroyi whilst feeding on seeds within

the capsules of Hibiscus abelmoschus.

At Pusa the life-history of E. fabia has been found to last from 21 to

32 days according to the time of the year.

(1) Eggs laid .
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The strength of the individual fibres is much reduced and they lose much
of their glossiness.

Bolhvorm Parasites.

Of the five parasites (two Braconids, two Ichneumonids and one

Chalcidid) Microbracon lefroyi is the most active, next to it the yellow

Braconid and then the others. That there is great variability of colour

in Microbracon lefroyi has been stated in a separate paper* by Mr. C. T.

Brues, to whom all the Microbracon material was sent for examination.

The adults are very active in the fields during the day and may be seen

flitting briskly about the plants or resting in places, advantageous for

oviposition. The female Microbracon lefroyi is more robust than the

male and has a prominent ovipositor. I». several instances Microbracon

lefroyi females have been seen entering the affected shoots and exserting

their ovipositor to reach their victims. The eggs are laid either on the

anterior or the posterior part of the BoUworm larva but in a large number
of cases examined during the past seven years a greatest proportion of

parasitized worms was found with the eggs of the parasite on their post-

erior ends. This was only to be expected since the larva normally

remains with its anal externity near the hole used for extrusion of frass.

The parasitized larva becomes restive and changes colour. If touched,,

it squirms from side to side and is not able to move about, as in the

majority of cases the posterior end becomes rigid and shrunk. The
eggs are laid either singly or in groups of three or four or six or even

more. The largest number of eggs found laid on a parasitized worm
was 13, although in the Punjab as many as 21 have been found on a single

parasitized Bollworm. The eggs are shiny to dirty white in colour,

elongate, cylindrical, somewhat curved in the middle ; in some one end

is broader than the other. The grub on hatching remains on the body
of the host and feeds by imbibition. The chitin of the grub is so thin

and transparent that the inner pulsations are quite visible under a high-

power objective. The grub is of the usual hymenopterous type, plump
and fat, broad posteriorly, somewhat narrowed towards the head, with

strong mandibles. The tracheae are prominent and visible beneath the

cuticle under the microscope or even when examined with a hand-lens

magnifymg at least ten diameters. When full-fed it leaves the host,

\^^hich lies dead and shrivelled up within the boll or the shoot or on the

spot where it was j)arasitized. Pupation takes place on a leaf, within

the shoot or the boll where the host was feeding prior to parasitization.

The cocoon is cylindrical, flattened towards both ends. It is dirty

white in colour and rather firm in texture. When the adult emerges

* See paper No. 80 in these Proceedings.
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it bites a hole at one end with its strong mandibles and comes out. In

several instances, adults were found to bite through two or three layers

of green voile cloth tied over rearing dishes and to escape. Shortly

after emergence the adult becomes active and begins flying about briskly.

The female may be distinguished easily from the male on account of its

size and the presence of a strong, black ovipositor. In confinement

the grubs have been found to develop cannibalistic tendencies, and on

several occasions the stronger ones have been found making a meal ofE

their weaker brethren. In several instances the grubs have been found

to be suffering from flaccidity, and there is reason to believe that the

disease, though not exactly Flacherie, is very much akin to it. At times

a large number of grubs has been observed to suffer from this disease.

This disease has also been found common in the Bollworms and it is

possible that the parasitic grubs, feeding by imbibition, become infected

themselves and die of the disease. A complete life-cycle has been found

to last from 9 to 13 days according to the time of the year.

Allernative hosts of Microbracon iefroyi.

Besides the Bollworms, attention has also been directed towards

finding the alternative hosts of Microbracon Iefroyi. A large number

of caterpillars with Braconid grubs on them has been reared, and

these reared specimens were sent to Mr'. C. T. Brues for identification.

But the whole consignment of these very valuable specimens was lost

through submarine piracy during the war. Specimens of Microbracon

were reared from Platyedm gossypiella, Epicephala chalybacma, Eublemma

qvadrilineata, Adisura atkinsoni, Alcides leopardus, Carpomyia vesuviana,

Sylepta derogata, Phycita infusella, Anarsia melanoplecta, Chlumetia

transversa and Eublemma amabilis. This investigation was intended

to give a clue to the alternative hosts which might be utilized for breeding

or collecting the parasite when it was required for introduction in a new

locality or in an old one where the proportion between the host and its

parasite was found to be lower than the normal.

Trapping of BoUworm Moths.

Along with the study of the parasites, attention has also been paid

to the trapping of the adults by mechanical methods. But these have

not as yet yielded any tangible results. No Bollworm moths have as

yet been trapped in the Andres-Maire traps or in the Meduse lamp-traps

set up right in the middle of or in close proximity to the cotton fields,

although Earias insulana and E.Jahia do frequently come in to light and

P. gossypiella occasionally.
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The effect of cultural metJwds.

The effect of thick and thin sowing has not been very pronounced,

although the effect of sowing cotton as a mixed crop has given good

results, Tur {Cajanus indicus) was sown alternatively with cotton,

but it was found that the tur plants become so bushy that they interfered

seriously with the growth and subsequent boiling of the cotton.

The following Table shows the result of examination of various

cottons grown (a) by themselves (" pure ") and (6) inter-sown with tur

(" intermixed ").
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Mr. Fletcher.

Mr. Ramakrishua
Ayyar,

Mr. Misra.

Mr. Ramakrishna
Ayyar.

Mr. Fletcher.

Mr. Ramrao.

Mr. Fletcher.

Mr. Ramakrishna
Ayyar.

Mr. Jhaveri.

Mr. Misra.

Mr. Fletcher,

Mr. G. R. Dutt.

Mr. Ramrao.

Mr. Fletcher.

Dr. Gough.

of comparison and, furtliermore, they are mostly taken in the months
January-May, when Bollworm activity is comparatively low, so that the

percentage of infestation is relatively small. It must also be remembered
that these plots of cotton were being grown in connection with the rearing

of Microhracon parasites of Farias and that these parasites were there-

fore present in probably abnormally large numbers.

We will discuss Farias first and then Platyedra (Gelechia).

Have any trap-crops been tried ?

We have tried hhinili and Hibiscus abehwschus and we find that

the latter attracts Farias more than cotton.

Then a trap-crop is the best remedy.

We put down Hibiscus abelmoschus expressly to breed Farias. Our

endeavour has been to breed these bollworms and to keep them going

in as large numbers as possible in order to get parasites. These parasites

have been sent to the Punjab and used there but we do not exactly

know with what results beyond what was said at the last Meeting.

We tried bhindi as a trap-crop in our Presidency [Bombay] but we
found that we required to use an early-maturing variety. Otherwise,

there is more damage than good done.

Can you make your cultivators pull up the trap-crops at the proper

time ?

That is the maip trouble.

If the top-shoots of the cotton-plants are cut off in the early stage of

attack, it is useful.

We also recommended that the top-shoots should be cut.

In the Punjab it jvas suggested that cattle might be turned into

the fields to eat the top-shoots.

Grazing cattle in such a field is of no use. The attacked shoots

wither and cattle will not eat them ; in fact, the green shoots would be

eaten and more damage done.

At Poona, in the case of certain varieties, the cutting of the top-

shoots is harmful.

Dr. CTOugh, will you tell us something about Farias in Egypt ?

In 1912, when I first came to India, my mission was to obtain para-

sites of Farias and to introduce them into Egypt, Gelechia was not a

pest of cotton in Egypt at that time. We had legislation against Farias

and the result is that what was a bad pest in 1912 is only a quite minor

pest now. In 1910-12 at the electric light on our verandah we used to

attract twenty or thirty Farias insulana moths every evening, but now-

a-days this species is comparatively a rarity, and the percentage of
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cotton bolls attacked by Earias at its worst is well below ten per cent.

The legislation laid down demands that all the bolls be destroyed at the

end of the year and that all cotton sticks be pulled out and burnt ; and

this applies also t<i Hibiscus esculent us and H. cannahinus. Thus for

five months there is no food available for Earias, as we do not leave

any cotton, or Hibiscus or any other food-plant. Legislation on such

lines forms the best means of control.

The conditions differ va Ir.dia. Hibiscus escuhntus is a very useful Mr.Misra.

vegetable and it would be difficult to legislate against it. But our

greatest difficiilty is the removal of the trap-crop.

I am perfectly convinced that in the United Provinces bhindi as a Mr. Burt,

trap-crop will not be useful. Bhindi is a very valuable vegetable and

is grown over a very extended area. I do not think that any cultivator

would pull out bhindi, which is sometimes even more valuable than

cotton.

To destroy the early shoots of cotton is also of doubtful value as this

causes a severe check to the growth of the plant and the remedy is worse

than the disease, as you make your crop late. Topping is out of the

question. But when we get a vigorous crop, then topping is useful.

Do you think that any legislation for the destruction of bhindi plants Mr. Fletcher,

by a particular date would be useful ?

Bhindi is grown in the United Provinces as a hot-weather and rainy- Mr. Burt.

season crop and bollworms and their parasites are found earlier in the

season on bhindi than on cotton.

Legislation for bhindi alone, without taking account of other wild ^^' Fletcher,

food-plants, would do comparatively little good. Have you any wild

food-plants in Egypt ?

In Egypt we have not got any wild plants that are fed on by Dr. Gough.

Earias. Wild Hibiscus does not harbour it.

In my judgment fumigation or hot-air treatment of the seeds would Mr. Burt,

be the best remedy.

The difficulty probably is that the cotton area is so extensive tliat, Mr. Robertson-

where one cotton plot ends, another begins. Brown.

That is not quite so. One tract is separated from another. Mr. Burt.

As regards topping of the plants, there seems to be some difference Mr. Misra.

of opinion. In the Central Provinces the crop is sown thick and is then

thinned out and in such cases we can pull out whole affected plants.

This work is rendered easier when the plants are sown in rows. But the

worst of it is that the plants which are pulled out are generally thrown

down on one side of the field. If the cultivators could be persuaded to

destroy these plants, it would be useful.
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If the top-shoot "is attacked, the tip is destroyed in any case and it

may as well be clipped off.

If the top-shoot is cut off there is a danger of its falling down, but

if it is simply squeezed and the contained larva squashed, this danger is

obviated.

18.—THE PINK BOLLWORM IN EGYPT.

By Lewls H. Gough, Ph.D., F.E.S., Director of the Entomological Service,

Ministry of Agriculture, Egypt.

There can be no doubt whatever that the Pink Bollworm is a recent

introduction into Egypt, and there is very little doubt that it found

its way there from India. The date of its introduction lies between

the years 1903 and 1910. The first specimens of the insect were seen

by Mr. Willcocks, Entomologist to the Khedivial Agricultural Society,

in 1910. Mr. Adolf Andres, who later on was Mr. Willcocks' Assistant,

also claims to have had specimens in the same year. Oar records date

back to 1911, the year when we started work in Egypt.

The first records available are all grouped -around Alexandria, and

in the north of the Delta. The first really severe outbreak was on the

Abukir Estate, near Alexandria, in 1912.

The reason why all the earlier records are grouped in this way is

without doubt connected with the first importations. Table I shows

the quantities of Indian cotton imported from 1903 to 1913. This

cotton was required for spinning by the spinning mills at Alexandria,

being somewhat cheaper than the Egyptian, and b?ing required for

the manufacture of yarns for muslin weaving in Turkey.

Incidentally, the importation of the rather badly ginned Indian

cotton could have been prevented under a law passed in 1907, prohi-

biting the importation of cotton seed. But the law was not considered

by those concerned to be applicable to the few seeds found in bales of

cotton. One of the first difficulties which arose in connection with

the Plant Importation Law of 1913 was in connection with the same

point, and as the legal authorities could not see their way to prohibit

the importation of, or to condemn, faulty bales, the law had to be with-

drawn and replaced by Law I of 1916, which prohibits the importa-

tion of ginned cotton altogether. It appears that it was not considered

possible to consider whole bales as contraband on account of their con-

taining contraband in the form of seeds.

It was during the exercise of supervision under the law of 1913 that

the method of introduction was actually discovered. The Filature
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National Mills at Alexandria had imported a number of bales of Indian

cotton, which were found on examination at the Customs to be badly

ginned. They were allowed to go forward only on the condition that

they should be kept in a moth-proof store, and that the cotton should

be re-ginned in the presence of a delegate from the Ministry of Agri-

culture. During the re-ginning several " double " seeds containing

living Pink Bollworms were found.

From Egypt the Pink Bollworm is known to have spread to other

countries, to which Egyptian seed had been sent. The outbreak in

"Tokar (Sudan) is probably due to the traffic in Egyptian seed, which

prior to 1913 was not restricted in any way by the Sudan Government.

The discovery that the Pink Bollworm occurred in the Sudan was made
in the Laboratory of the Entomological Section in Cairo, when examining ^

some seed sent from the Sudan to the Ministry for experimental purposes.

Brazil received the Pink Bollworm also from Egypt. The Brazilian

Government imported seed in 1913 and 1914 for distribution, without

•consulting the Egyptian Ministry of Agriculture. This seed cannot

be traced in our Customs returns, and may have been exported first

to England and transhipped from there. The result appears to have

been a very violent outbreak.

Mexico is another of Egypt's unfortunate customers. We can trace

from the Customs returns that a consignment of 115 ardebs* went to

Monterey, Mexico, in 1911; it has spread across the United States borders

into Texas, where the United States Government is now taking active

measures to prevent the spread of the pest.

We have unpublished records of this pest from Mesopotamia and

from Palestine.

Thus the present known distribution includes (1) in Asia : Palestine,

Mesopotamia, India, Ceylon, Burma, Straits Settlements, China, Japan,

the Philippine Islands.

(2) in Africa : Egypt (not yet in Algiers or further West), Sudan,

(German) East Africa, Zanzibar, Southern Nigeria, Sierra Leone, Lagos.

(It apparently does not occur in Central nor in South Africa.)

(3) in America : Brazil, Mexico, United States, and Hawaii. There

is little doubt that it will spread in time to wherever cotton is grown,

unless cotton-growing countries which are still free take most stringent

precautions against the introduction of cotton seed, seed-cotton and

badly ginned cotton. This last commodity is frequently used as packing

material for leather goods manufactured in the East, and might get

overlooked by Customs Officials.

* One Ardeb=-121-5 Kg. or 270 lbs. wt.
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The original home of the Piuk Bollworm appears to be most pro-

bably Asia. The insect was probably introduced from India into

(German) East Africa before the German occupation ; according to

the accounts by various German authors, the insect is thoroughly

established there. Trade with East Africa before the advent of the

Germans was practically all with India. Its spread to Zanzibar is

understandable in view of the trade connections with India.

Although the introduction of the Pink Bollworm took place so

recently, very little is really known about its rate of spread in Egypt.

A few records are given by Willcocks, for the locahties in which it was

noted before 1913, but these records are defective in many ways, especi-

ally as they are the result of stray notes and not of an organized search

for the insect. Although first recorded in Egypt in 1910 from around

Alexandria we have distinct evidence in the shape of hollowed-out

seeds, ginned at Maghagha in Upper Egypt in 1911, that it had already

reached so far in the first year after its discovery.

Food-Plants. The principal food-plant is without doubt cotton
;

it feeds on various other malvaceous plants contrary to the assertion

of Busck which has apparently been accepted by the American authorities.

On cotton the larva feeds in the seeds, bolls, flower-buds, flowers

and in the stem, in which last it bores in the cambium ; the order of

preference bemg as stated.

It was found in an experiment made at the Government farm at

Gemmeiza in 1917, that during the 19 weeks from June 9th to October

20th, of 44,013 buds only 165, of 5,792 flowers only 13 and of 48,395

green bolls 16,831 contained worms or showed signs of previous attack

or both (Plate 80). Of the green bolls very many certainly contained

more than one larva. This represents the total number of buds, flowers

and green bolls found on 9,300 plants ; 100 plants being daily pulled up

and examined until the 15th September, after which only 50 plants

were utilized for the daily counts. Recalculated in such a way that

each week is made to weigh in its proper proportion and calculating

all the buds, flowers and bolls each as 1.0,000, the proportion of attacked

flowers is found as 42 in 10,000, buds 67 in 10,000 and bolls (green)

4,346 out of 10,000. (See Table II.) We will have to come back to

this subject later on.

After cotton the chief host plant in Eg}^t is the Okroe (Hibiscus

esculentus). (See Table III.) And here it may be mentioned that we

totally disagree on this subject with the views of Busck, who denies that

the Pink Bollworm feeds, or develops through, on any other plant than

cotton. Our experience has shown us that at certain seasons, it can in-

fest oJcroe pods to a serious extent (16 per cent.). (See Table IV.)
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Jn all we have examined 6,060 okroe pods this year, and have found

319 larvae in them. From an inquiry received from America we judge

that Busck is willing to admit that the Pink Bollworm may feed for a

certain time on food other than cotton, but that such larvae will not

mature and emerge. Against this we can set the fact that we have

had 191 emergences from okroe pods this year (up to 23rd December

1918).

The pods and seeds of Hibiscus cannabinus also serve as food to

the insect. Examination of 1,000 pods collected last October gave

45 larvse. That larvae feeding on this plant can develop and emerge

as moths can be seen from the fact that we have bred through 131

moths from cannabinus pods (23rd December 1918). (See Table V.)

It was necessary to elaborate the possibility of other food-plants

than cotton being utilized on account of the attitude adopted by Busck.

Other recorded food-plants are hollyhock {Allhcea) on which plant

it has been found in Egypt by Willcocks, (and possibly in India), and
Abutilon sp., recorded by King in the Sudan, and Fletcher in India.

The fact that these two pairs of records were made in different countries

by different observers would seem to exclude the possibiHty of a mere
chance straying of a worm on to a pod of an unsuitable plant, and
pupating there, which is the explanation advanced by Busck to disprove

Tecords which he does not agree with, as for instance, the records for

Thespesia populnea by Fullaway. This last record has, however, not
yet been confirmed by observations by other workers. Hibiscus abel-

moschus was recorded as a host at the Second Indian Entomological
Meeting by Fletcher.

We further consider it extremely probable that the Pinl^ Bollworm
feeds on Malva sylvestris, but the observation is not sufficiently estab-

lished for certainty.

After this list one would not be surprised to obtain records from
other malvaceous plants. We have however searched for it in vain
in the pods of melochia or Jew Mallow {Corchorus olitorius).

The record formerly given for pomegranates must be withdrawn
and was undoubtedly based on error.

The eggs are minute and are laid singly, or in small groups of up to

ten. They are to be found on the bolls, involucres, leaves and axils

of leaves. The egg-stage in Egypt is known to last from 3-7 days.

Busck gives the period as 4-12 days. Owing to the small size of the
'Cggs, the insect cannot be controlled at this stage.

The larval stage is passed, almost entirely, inside the part of the
plant attacked. The time required for this stage as given by Willcocks
is 9—19 days. Busck found 20—30 days. The feeding period is
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usually immediately followed in summer by spimiing up and pupation^

but in the case of some larvae, especially those whose feeding period

closes in the late autumn or winter, it is followed by a resting period

which can last as long as two and a half years, perhaps longer. We
apply the terms " short cycle " larvae to those worms which pupate

immediately after feeding and "long cycle" or "resting" larvae to

such as intercalate a long period of rest between feeding and pupating.

Resting larvae are usually found spun up inside hollow seeds, or " double"

seeds, A " double " seed is produced in the following manner : the

larva having hollowed out a seed, attaches another seed to the hollow

one, uniting the edges of the opening of the hollow seed to the new seed

by silk threads. The attachment of the two seeds to each other is

very firm and resists the action of the gins. The second seed is usually

eaten into. When no second seed is used, resting larvae spin up the

opening of the seed they inhabit ; double seeds often contain two worms.

It is not an infrequent occurrence for the larvae to use more than two

seeds for their resting shelter ; as many as six seeds have been found

utilized in this way. The seeds composing " double " seeds usually

vary in their state of maturity. The original hollow one is usually

in the red unripe stage of development, the next seed or seeds being

black or ripe.

The presence of Gelechia larvae in attacked green bolls cannot be

noticed without cutting open the boll, as the entrance hole made by

the larva is very minute and the larva does not keep it open nor enlarge

it in order to void the frass as Earias larvae do. For this reason it is

not possible to control the Pink Bollworm by collecting attacked green

bolls. When full fed, short cycle larvae leave the bolls by a hole they

make. This hole might be mistaken for the work of an Earias larva,

but that the frass left by such larvae is wanting.

The winter is passed in the larval stage, mostly by " resting " larvae.

However in the months January to March 1916 we were able to prove

the existence of a very slow-feeding brood, which was found in bolls

collected o& the ground in fields previously under cotton, but culti-

vated with bersim, beans, wheat or barley. {Bulletin No. 4, Technical

and Scientific Service.)

The resting stage larvae are to be found in seeds of cotton, oJcroe and

H. cannahinus during the winter. First picking seed by March contains

only very few larvae as compared to the number of seeds attacked,

second picking seed contains a greater proportion of larvae. From
this it is concluded that the worms infesting the bolls at the time of the

first picking are mostly short-cycle larvae, and that the proportion of

long-cycle larvae increases considerably during the 4 to 6 weeks which
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separate the first from the second picking. This is confirmed by
breeding results. The emergence from green bolls collected between

1st September and 10th October 1917 gave 5 per cent., from 11th October

to end of November 23 per cent, long cycle moths. The resting period

can last up to two and a half years.

Unfortunately it is not possible to make direct observations, by

taking out and isolating larvae, as they appear to react immediately

to the stimulus of the interference, and thence-forward to behave in

a manner which would not be the normal one if no interference had

taken place.

As already stated, it is not safe to base any conclusions on

the behaviour of larvae put into unnatural surroundings. In our work

we have always recognized this as a fact, and in our endeavours to obtain

information have frequently had recourse to indirect methods, utilizing

statistics biased on sufficiently large masses of figures. Thus the

problem, does the resting stage larva feed, has been tackled by the

weighing of hundreds of larvae at intervals during several months.

Needless to say the larvae were extracted from the seeds they inhabited

immediately before weighing, and the same individuals were never

used twice. They were weighed in groups of one hundred together,

several groups being handled each time.

The result obtained shows that during the period from February to

June there is a continuous and significant fall in weight (see

Plate 81). This does not necessarily prove that the larvae were

fasting, but it certainly shows that they were not actually making

good their losses in substance.

It is mainly the resting stage larvae which (in Egypt) serve to carry

the species over from one year to the other. They are found almost

exclusively in seed, whether in seed cotton, ginned seed or in abandoned

bolls in the field.

The resting stage is the only period of the life-cycle of the Pink

Bollworm during which it can be controlled, and, acting on the advice

of the Entomological Section of the Ministry of Agriculture, the Egyptian

legislator has seized the opportunity given by the insects to ensure

its destruction, (a) in the cotton field by ordering the pulling up of the

cotton sticks and the destruction of the remaining bolls after the last

picking, and consequently ensuring the destruction of the larvse left

in the field, (6)_ by the treatment by heat or fumigation of the seed in

the ginneries, and (c) by compulsory screening of all stores where seed

cotton or cotton-seed is kept during the period from May to August.

Larvae inhabiting green bolls almost invariably leave the bolls before

pupating. During the examination of three-quarters of a million bolls
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in 1916, 1917 and 1918, only two or three pupse have been found. Traces

of previous occupation were very frequent, as the larvse when full grown

desert the boll to pupate elsewhere. We have observed and recorded

in 1917 and 1918 about 50,000 such traces of previous occupation (1917

—

35,495 ; 1918,-14,301). We cannot therefore give unqualified assent

to Busck's statements.—" The larva normally makes its cocoon and

pupates within the boll, partly within the last seed attacked " {Journal

Agriculture Research, IX, No. 10, p. 353, line 5) and " under normal

conditions in the field, however, the pupation nearly always takes place

within the boll " {ihid.. line 19). Larvse arrived in a seed-store with

seed almost invariably leave the seed and pupate in the angle between

the line of contact of two sacks or in crevices of the masonry of the

walls, or between the floor-boards. The pupal period has been observed

to vary from 10 days to 2 weeks. Busck gives it as 10—20 days.

Control of the insect at this stage is not feasible as pupae are not easily

found in seed stores, even when abundant, and are practically unfind-

able outside. Before pupating, the caterpillar spins a cocoon, and

requires a few days for its transformation.

The pupa is enclosed in a silken cocoon, and is found sometimes

in the lint of an open boll, on the soil, under refuse in the fields between

the bract and the boll, or between dead leaves. Willcocks remarks

on their frequence in fallen flowers on the ground, and in fallen bolls.

Short-cycle larvae spin only one cocoon, that in which the pupa-

tion takes place, whilst long-cycle larvae spin up inside hollow seeds

for their resting period and leave their resting place to spin their pupal

cocoon, which is more elongate and loosely woven than the resting shelter.

Whilst resting they are doubled up, head to tail.

The moth is crepuscular or nocturnal in its habits. During the

day it is very diflB.cult to find in fields, or in seed-stores, where one knows

it to be present ; if disturbed, it escapes by running swiftly and hiding

under any shelter it can find.

" During the day-time the moth very rarely takes to wing, but at

night it can fly long distances when circumstances are favourable. At

night it is readily attracted to artificial light. Unfortunately light-

traps do not form a rehable method of control. No method of control

during the adult stage seems possible.

Emergence of moths from the long-cycle brood appears to depend

very considerably upon the conditions under which they wintered.

Thus it is now no longer possible to make any absolute statement of

the period at which the maximum of emergence may be expected. It

has been found that the larvae Uving in bolls lying on the ground, which

consequently are kept slightly moist, are earher to emerge, and give
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greater quantities of moths than if wintering in bolls raised up on a
table or otherwise sheltered from the moisture of the soil. (See Table
VI and Plate 82). These results are only just beginning to come
forward, and will require checking by a few more seasons' work before
generahzation will be safe.

From breeding results obtained in the course of 1917-1918, the
following conclusions appear to be justifiable.

The position in which material containing Pinl< Bollworms is kept
has a distinct influence on emergence of moths, both as to the period
of the year in which the main emergence may take place, and more
especially as to the total number of emergences. Bolls lying on the
ground appear to give a greater total emergence for a given quantity
than bolls raised off the ground. A further difference is found between
material collected early and late.

A series of breeding experiments made by Mr. Adair is now begin-
ning to give information. In this work samples of fixed numbers of
green bolls, of open bolls, and of dead bolls were collected in various
parts of the country at ten-day intervals from 1st September 1917
finishing on 30th November 1917.

It has been found that there is a difference in the emergence curves
for early and late samples, 11th October being very close to the turning
date. In very many cases emergence from early samples was more
numerous than from late samples. Here parasites may have had some
influence. (See Table VII and Plate 83).

A very puzzling feature is the diversity in emergence from green
open and dead bolls. (Green bolls were bolls which were unripe at
the time of picking. Open bolls were recently opened bolls which would
not be rejected by cultivators taking their harvest ; and dead bolls
were bolls stopped in their development before ripening and which had
dried up prematurely.) (Plate 84).

Ignoring all emergences which took place before 1st April 1918,
as being of little economic importajice, we find that of the emergence
from the three classes that from the " dead " bolls is possibly most
readily understood. Picked early or late, ' we find prabtically no
emergence of moths before July. Two-thirds of all the moths left
these bolls in July and August, but emergence was continuous to the
end of November. (See Table VIII).

Very similar results were obtained from the early green bolls, no
emergence before July, maximum in July and August, and steady
numbers till the end of our observations (30th November 1918).

Both of these sets, i.e., the complete " dead " boll and the early
part of the " green boll " gave comparatively few emergences. They

VOL. II
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are comparable iyiter se in other ways. The " dead " bolls were killed

before maturing (by the Pink Bollworm) the early green bolls were

killed before maturity (by picking) or ripened prematurely. Their

curves, as has been stated, are very similar, and are composed entirely

of " long-cycle " moths. (Plate 85.)

The late green bolls are at first sight very puzzHng. Sixty-five

per cent, of the emergences from this lot were in April and May, followed

by none at all in June. The remaining emergences were observed in

July, August, October and November.

This very great rush of emerging moths in April and May
is characteristic of the late green bolls only. The " open " bolls have

no parallel to show. In their case the emergence curve is a continuous

one over the whole period, a little steeper in the case of moths bred

from early collected material than from that collected later.

There is only one explanation pos^ble by which the late " green
"

boll curve can be understood, and that is that the rush of moths emerging

in April and May did not belong to the long-cycle generation at all.

It seems much more probable that they belong to the winter genera-

tion, which I mentioned earlier. All that we know of this winter gene-

ration has been found out by the statistical method. In 1916 I drew

attention to the fact that in bolls collected in the field in the first three

months of the year there were varying numbers of Gelechia larvae of

small and medium size. The number of small and medium larvae found

in January was approximately in agreement with the number of medium-

sized ones found in February, whilst in March small and medium larvae

were almost absent. Nothing further was known of this winter-gene-

ration until these breeding results came forward. It was considered

not possible to verify the existence of the winter generation by direct

breeding methods, owing to the intolerance of Pink BoUworms to inter-

ference.

It may now be assumed as nearly certain, that the winter-genera-

tion is produced by eggs laid before the end of November on the late

green bolls, that, owing to cold conditions, these eggs and the resultant

larvae mature very slowly—for which many parallels could be brought

—

and that the winter-generation mainly belongs to the short-cycle.

As to the relative economic value of worms harbouring in green

bolls, open bolls and dry bolls, it may be stated that very probably the

dead bolls are the least and the open bolls the most dangerous.

However, the worms in the open bolls will all find their way to the

ginneries, where a warm reception is provided for them in the seed-

treating machines. Of the bolls remaining in the field the green ones

are by far the 'most important, as they harbour more worms per unit
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tlian the dead bolls ; both of these two classes of bolls are emitting

their maximum numbers of long-cycle moths in July and August, that

is, at the very time when the cotton plant is most ready to receive them.

What happens to the moths of the winter generation emerging in April

and May is yet unknown. Unless they can manage to survive into

June it would seem probable that they must die without giving rise

to new descendants, unless they utihze ohroe. Investigations are

planned by which it is hoped to acquire information on these points.

<See Table IX).

The moths hide away in dark places during the day-time, and are

then very difficult to find. In seed stores where one knows that immense

quantities of living moths must be present, it is very difficult to find

them. However, by turnitig over boards, raking in the seed, and

examining between sacks, it is usually possible to find specimens. Dead

moths are most abundant on the sills of moth-screened windows and

under the skylights in seed stores. In the fields they are equally well

hidden, and more difficult to find as there are more hiding places for

them. When disturbed in the day-time they very rarely fly, but scurry

away and hide as soon as any dark cover or crack presents itself. At

night they are attracted to artificial light, but according to Willcocks'

experiments not sufficiently so to allow light-traps to be of practical

use as a remedy. The attraction to light is however quite marked,

and is utihzed by us in Cairo in obtaining our emergence results. In

our large breeding shed3, and also in one of the largest seed stores at

Alexandria, we trap the moths, which would otherwise be almost impos-

sible to find, in this way. An electric light of 20 candle-power

is suspended about 15 cm. above a basin of water, on whose surface

there is a thin film of petroleum. We also employ a similar trap in

the open in our garden to inform us of the frequence of the insects out-

side our experiments. Our recorded catches by this method run to

71,372 Pink Bollworm moths (see Table X). The series of records from

the Alexandria seed store are particularly interesting. Here, during a

period when the insects were being caught by the thousand, the light

failed on two occasions. The moths also failed to get caught on those

same occasions (see Table XI). This proves that it was not the

petroleum, nor the water which was the principal attraction, but the

light itself. Against this I must again quote Busck {loc. cit., p. 355)
" From very many varied and repeated observations under different

conditions it may be definitely stated, notwithstanding the many other

statements to the contrary, that Pectinophora gossypiella is not at-

tracted to light, but is, on the contrary, shy of all light, natural

and artificial."

e2
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The following data were collected by Ballon when working at CairOy

relative to the time of flight of moth, as evidenced by traplight captures.

The number of moths caught were counted at half-hourly intervals

on eight different nights.

On two occasions the light was turned on one hour before sun-set.

Nothing was caught on either of these occasions.

The total number of moths caught during the eight nights was 4,278 ;

of these 3,321 were taken during the first hour after dark during which

the light was burning. In this respect it made httle difference whether

the light began shining before sun-set or up to two hours after. A later

time was not tested ; in every case the bulk of the catch came during

the first hour after sun-set during which the light was on.

The Pink Bollworm breeds continuously from April onwards, as

long as there are cotton-plants and especially cotton-bolls for it to feed

on. The generations overlap each other, so that one cannot separate

the broods. In this respect it resembles Earias. A possible cause

for this is the stragghng way in which the long-cycle larvae complete

their resting stage. At Cairo the emergence of moths from the resting

larvee never absolutely ceases, and begins to rise in April, reaching

its maximum intensity between May and August, The maximum
emergence of moths belonging to short-cycle larvae takes place in the

autumn.

It has already been stated that flowers and buds are attacked to a,

much less extent than bolls. A glance at Table II will show that

the absolute maximum of infestation of buds and flowers does not

coincide with the period of maximum presence of those organs. On
the contrary, the Pinl<: Bollworm more readily selects flowers and buds

at the end of the season long after their maximum has been passed.

The reason for this lies in the fact that at this time the absolute link

Bollworm population is greatest, and the supply of green bolls is falling.

What green bolls exist are frequently multiply infested. Apparently

the stress of over-population drives the insects into attacking buds and

flowers which might be considered to be unsuitable.

Here it may also be remarked that in summer, when cotton bolls

are plentiful and not overpopulated, okroe and H. cmmabinus pods are

usually not attacked. In September and October when the cotton

boll production is falling off, oh'oe ^nd cannahinus pods are increasingly

attacked. The apparent immunity of these two species of Hibiscus

in summer is due to the cotton acting as a trap-crop and protecting

tliem, and not to direct immunity (see Table lY).

Since 1916 the Entomological Laboratory has every summer made

an examination into the intensity of infestation of green bolls by the
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Pink Bollworm. Briefly described, the material for investigation

<;onsists of fixed numbers of green bolls taken weekly in all the pro-

vinces and sent in for examination. It is desired that the bolls from

any province shall not all come from one field nor from a single village.

This scattering of the samples is intended to improve the samphng

for each province. No fear need be entertained of individual bias being

introduced by the collectors, as it is impossible to judge whether green

bolls are sound or attacked, without cutting them open.

In the Laboratory these bolls are shced through, each in at least

three places, and examined for larvae. All bolls received from any

province between Friday and Thursday are reckoned together as

belonging to the week commencing on the Friday. The samples (about

1,000 bolls for each province) are worked up in batches of 100 bolls for

convenience in finding percentages and for probable-error calculations

should such be required. Each operator examines his 100 bolls ; when

finished the supervisor checks the work ; thus not much error creeps

through.

As a result of these examinations we can now give certain general

results, and indicate anticipated ones which will probably be gained

when we have a sufficient number of years' work behind us to allow

average figures to be made.

The seasonal distribution is very marked. Every year we commence

in the Delta in July with only a few per cent, of the bolls infested. The

degree of infestation progresses slowly but steadily until about one

quarter of the green bolls are attacked. Then the position changes

rapidly ; for any small locality about three weeks suffice, for any

province or for the Delta four or five weeks will find 75 per cent, and

more of the bolls attacked. The end is always the same, provided

the bolls are collected late enough in the season, naftiely 90 to 100 per

cent, infestation.

What the crop will be depends on the period when the 25 per cent,

infestation average is reached. If this point is reached early, as

compared to the maturity of the crop, the result will be a disaster ; if

late, it will mean a good crop.

Now, 100 per cent, infestation at the end of the season sounds

serious, but the gravity is more apparent than real. The green bolls

at the end of the season will not ripen in any case, and are consequently

of no importance except as preparing the next year's crop of worms.

And this leads to the next consideration, the greatest crop of worms
in green bolls is not at the period when the percentage of attack is

highest, but at an earlier period when the green boll population is

greater. The sudden rise in the percentage of attack from 25 per cent.
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to 75 per cent, is partly due to decrease in number of green bolls avail-

able accompanied by an increase in the actual Piiilc Bollworm popula-

tion.

As an illustration of the fact that the greatest Pink Bollworm

population does not exist at the time of |he highest percentage of infes-

tation some figures obtained in 1917 may be quoted. In this experi-

ment the average green boll population for 100 cotton-trees has been

recorded for each week from that commencing on 9th June onwards

until that starting on 13th October. In this case the greatest number

of attacked bolls observed in any week was found in the week com-

mencing 15th September when 580 out of a total 908 bolls or 61 per

cent, were attacked. In the last week, when 92 per cent, of the bolls

were infested, there were only 59 bolls to be attacked. (Plate 86.)

According to the percentage infestation figures, 1918 was better

than 1917, by at least one week. Whether this would correspond to

a real improvement in the crop or not depends on the comparative

dates of ripening of the crops for the two years. (See Plate 86).

One point comes out quite clearly to my mind. Any method by

which the cotton crop can be rendered more early will infallibly place

the maximum of green bolls in a more secure position, in other words

will reduce attack. Two ways present themselves as leading to this

result, either the production by selection of an earher-maturing variety

of cotton, or making existing varieties mature earlier by cultural means..

The new cotton is still wanting, but the cultural method has

been devised and experimented during three seasons by Mr. Cartwright,

Inspector of Agriculture in Gharbia Province. The method consists

mainly in judicious withholding of water at a time when normal practice

is giving the plants more than they need. The result is a gain of two

or three weeks on. the surrounding crops, with a considerable gain in

the harvest. Incidentally it may be mentioned that a gain of about

3 weeks would eliminate loss of at least 10 per cent, of the crop.

In 1918 an attempt was made to obtain some information, whilst

examining bolls for percentages of infestation, to obtain evidence as

to the age of bolls when attacked. For this purpose all the bolls were,

before examination, graded in a boll-grading machine which automati-

cally sorts them out according to their sizes into tliree groups. Grade-

A, bolls less than 1| cm. in diameter ; Grade B, bolls over 1| cm. and

less than 2 cm.; Grade C. all larger bolls. At the same time the worms

were recorded as small (i.e.. less than 5 mm. long), medium (5 to 10 mm.)

or large (over 10 mm.). There appears to have been no difficulty in

the great majority of cases in apportioning the worms to their proper

class. The method is admittedly crude, but there was no alternative
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except to leave the whole examination alone ; it must be remembc^red

that nearly a quarter of a milhon bolls are dealt with annually, the

busiest weeks averaging 23-24,000 bolls examined. The results may
be summarized briefly as follows (see Table XII) :

—

Grouping together all the bolls examined throughout the season,

we find that group A was attacked only to the extent of 4 per cent., group

B to 20 per cent., group C 33 per cent. (This includes a few per cent.

Farias)

.

Given equal numbers of bolls of all three groups—which does not

occur in nature, as the large bolls predominate—we find that small

worms are three times less abundant in bolls of grade A than in either

of the two larger grades. Medium-sized worms are seven times more
abundant in bolls of grade B and ten times more abundant in grade C
than in grade A. Large worms are eight times more frequent in grade

B and twenty times in grade C than in A.

Supposing our samples to have been approximately representative

in the proportions contained of the three grades (probably grade A is

however under-represented), then small worms are three times more
abundant in grade B and twenty-five times in grade C than in grade A.

Medium-sized worms are eight and eighty-six times more abundant in

B and C than in A, and large-sized worms nine and one hundred and
seventy-one times more abundant in grades B and C than in A.

All this probably only proves that the older grades have been longer

exposed than the younger ones. But it is conceivable that an insect

might prefer young bolls to old ones ; this is not the case with the Pink
Bollworm.

From an investigation made in 1917 in which the entire spoils of at

first 100 and later 50 cotton-plants were examined daily, the results

of which it is hoped will be pubhshed more in extenso elsewhere, the

following observations have a bearing on the same problem of the age

of bolls when attacked. In this case no attempt had been made to

grade the bolls or larvae, but attention was given to recording the traces

of previous occupation of a boll by worms which had left the boll, and
in many cases it was found that a boll containing larvse had previously

been attacked by others. Traces of previous occupation begin to be

recorded about one week after the first worms had been seen, and there

is a very strong correlation (0-968 ±0-015) between the attack of

one week and the " traces " of the next week, especially for the period

of eight weeks commencing 7th July and ending 31st August and
commencing 14th July and ending 7th September. This period is

selected for remark, as after that date part of the bolls showing '' traces"

would have ripened and no longer be recorded.
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An examination made at Tel el Kebir this year has brought out

that after the last picking there are approximately 4 times as many
bolls on the trees, as on the ground and about 1 boll per tree ; as each

boll may contain up to six or seven worms, it is obvious that any work

done in destroying bolls must be of use.

The damage done by the Pink BoUworm has been studied very

carefully during the last three years. A prehminary paper on this

subject was published early in 1916, since when an enormous mass of

data has been obtained. It is intended to publish these data elsewhere,

in extenso, but the main results may be summarized here.

It was already indicated in 1916 thai the average weight of sound

seeds that develop in attacked bolls is lowered on account of the attack.

It has now been shown that the average weight decreases in proportion

as the average intensity of the attack increases. The correlation between

the percentage of sound seed in a sample and the average weight of a

sound seed in that sample is as high as 0-976 ^0-008. Higher correla-

tion could not be expected. (Plate 87.)

This falling in weight of sound seeds developing in attacked bolls

has further been shown to be due not to a general reduction in weight

of all the seeds but to an increase in the percentage of the smaller weight

seeds at the cost of the heavier grades. This has been worked out by

W'eighing the seeds from a long series of bolls, each seed separately

This year we have obtained the further indication that the sound

seeds developed in sound locks of attacked bolls are inferior in weight

to sound seeds developed in perfectly sound bolls.

As in 1916 we had stated that there were strong indications that

seed developing in attacked bolls loses some of its power of germina-

tion, this problem was followed up to see how far the loss of germina-

tion is proportional to intensity of attack. (Plate 88.)

The correlation between the proportion of sound seed in a sample

and the germination of that sound seed has been found to be 0-925

1^0-017, which again is very high.

This problem has been pursued further, and by germination of seeds

carefully weighed singly and grouped in weight groups at 10 milligram

intervals, a correlation of 0-958 J^:
0-014 has been found between weight

of seed and intensity of germination.

It has further been found that attacked bolls do not form so many
seeds (sound flus attacked) as sound bolls. The reason for this is that,

where the attack takes place early in the life of a boll, entire seeds are

liable to be totally destroyed without leaving traces. The correlation

between intensity of attack and reduction in number of seeds was found

to be 0-889 ±0-063.
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Intensity of attack is always calculated above by the proportion of

sound to damaged seed. Calculating the number of damaged seed in

•a sample is always a difficult and tedious task, but can be done if trouble

is taken. None of the samples used for the correlations above men-

tioned w^ere made for that purpose, and using the data obtained from

them for correlations was not considered until a whole year after the

records had been made. They were originally intended for use for a

totally different purpose.

That seed samples which have been damaged will be deficient in
,

oil is evident, but has not been investigated by us.

The effect of Pink Bollworm attack on the lint has also been studied,

"but from the quantitative side only. We know that the quality suffers,

but have not yet examined this aspect of the question.

Ginned lint can only be studied in bulk, and can only be understood

in connection with the seed from which it' was derived.

The first question to examine was the effect of Pink Bollworm attack

on the percentage lint.

The percentage lint is obtained by dividing the. weight of lint, after

multiplying the hnt-weight by one hundred, by ''the total weight of

seed cotton.

Before we could attempt any examination along these lines, we

found it necessary to study the percentage hnt in normal samples in

order to understand to some extent the problems involved. Very

little literature was available beyond the writings of Balls, which did

not throw much light on this subject.

The percentage Hnt of any lot of cotton can only be known by

examining the whole lot. The errors of sampHng are great. They

consist of two different kinds, (a) an error due to the portion of the

sample examined not being truly representative of the whole lot, and

{b) an error introduced by the atmospheric humidity at the time of

weighing.

To make this clear, eighty samples of about 100 bolls each, together

forming the whole lot of cotton collected in an uniform field, varied

in the percentage lint from 29-5 per cent, to 32-2 per cent. ; the whole

lot gave 31-1 per cent. J^ 0-04, and the standard deviation was 0-6 per

cent.

The error introduced by the atmospheric humidity can be quite

great. Lintweight rises and falls pari passu with the atmospheric

humidity, as can be seen from Plates 89, 90. In this case the

weight was recorded by a spot of light thrown on a mirror fixed close

to the knife-edge of a chemical balance and reflected from thence on

to a sheet of gas-light paper revolving on the drum of the hygrometer
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giving the humidity record. The curve obtained has been re-drawn

on the humidity chart. One gramme of Hnt was used.

Seed-weight is also a variable factor, but apparently changes with

a lag of a few hours, as can be seen from the second graph made in

the same way but with seed instead of lint. The third graph made

with two grammes of seed on one pan and one gramme of lint x a one

gramme weight shows how humidity is constantly modifying the percent-

age lint.

There is no correlation between seed-weight and percentage lint :.

on the other hand, the correlation between the lint produced per seed

and percentage lint is very high, as was to be expected. (We found

it to be 0-905 iO-013). The correlation between lint produced per boll

and percentage lint is lower, being calculated from the same samples

at 0.367 ±0-064.

These being the limitations of the percentage lint as a means to

gain evidence as to the damage done by the Pink Bollworm, we can

proceed to apply the method. And it may in advance be stated that

there is a loss of lint directly proportionate to the loss of seed substance,

involving practically no fluctuation of the percentage lint.

The effect of Gelechia attack on seed cotton is to decrease the pro-

duction of seed and lint. For the seed we have already shown a

decrease (1) in numbers matured, (2) in weight of the sound seed matured,

(3) actual loss of substance produced in attacked seeds. The effect

on the quantities of Hnt produced has been studied indirectly by exami-

nation of the percentages of lint.

Obviously the suppressed seeds mature no hnt, and are pure loss.

It has not been possible to find any evidence that the reduction

in weight of sound seeds from attacked bolls is accompanied by any

change in the percentage of lint produced by such seeds. The loss of

lint in such sound seeds may be considered proportionate to their loss

of weight.

The changes in the percentage of lint produced by damaged seeds

are more difficult to summarize, and depend to some extent on the age

of the seed at the time of the attack.

(1) If the seed is attacked at a very early stage, it disappears

entirely, thus causing the reduction observed in the average

number of seeds set remarked on above.

(2) Attacked sHghtly later, part of the seed remains but sets no'

lint, thus causing the percentage to fall to per cent.

(3) Attacked when nearing complete maturity, no damage is caused

^ to the lint, but the seed loses substance, thus causing a

rise in the percentage of lint observed.
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Gelechia attack can produce results ranging from total suppression

of the production of lint to an apparent rise in the percentage of lint

produced.

Table XIII has been prepared to show the limits within which

fluctuations may under the present conditions (crop 1917) be most

frequently expected to lie. All the samples came from the same crop,

being Sakellaridis grown on one feddan of land at Gemmaiza in 1917.

For the purposes of this examination 30 sets of 100 sound seeds were

selected as control, with 30 sets of 100 damaged seeds and 30 sets of

50 " double " seeds (=100 seeds per set) for comparison. As additional

control 30 random samples each of about 150 grammes weight were

taken from the same material.

It may be stated at once, that all of these samples with the exception

of the random ones may be seriously biassed on account of sampling.

In picking out the sound seeds, the operator may have unintentionally

selected the largest, and, in selecting the damaged seeds, a rather more

than the average damage may be expected as the standard. The
" double " seeds are on the other hand probably quite representative

;

as being rare every one found would be retained, and as they are fairly

easy to recognise by feeling before ginning, all those encountered would

be kept. The only test we can apply for unbiassed sampling is by
comparing the total weight of the 3,000 seeds in question, with

the average weight of 3,000 seeds as calculated from the " CTcmmaiza

crop " figures, which may be accepted as being quite free from bias,

as will be seen later. The " Gemmaiza crop " samples came from the

same field as the others, but do not include them.

From the comparison it would appear that the sound seeds selected

were below the average for " Gemmaiza crop " sound bolls. This was

to be expected, if the sampling was unbiassed, as in the seed cotton

from which the seeds were selected sound and attacked bolls were

inextricably mixed together. In any case it may be maintained, that

the good seeds selected were not above the average in weight. Similarly

it will be seen that the random samples varied very Httle (about 1-5 per

cent, only) in weight from corresponding quantities of " Gemmaiza

crop," of the same quality. This was expected in this case, as there

was no reason for any bias to be introduced.

The " Gemmaiza crop " figures have a greater claim to be accepted

as accurate. There is no possibility of errors in sampling ; the entire

yield has been taken under circumstances which exclude error as far as

is possible ; the sound and»the damaged bolls were separated from each

other carefully, and although a small percentage of attacked bolls was

included under the sound ones, the proportion of attacked seeds wrongly
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included is less tlian 2 per cent. The damaged bolls and the sound bolls

together make up the entire yield of all the plants from which they were

taken.

It will be seen that the only set of samples needing control and for

whose sampling no check can be found consists of the damaged seeds

other than double ones.

The following conclusions appear to be justifiable on comparing the

percentages of lint of all the samples together before removal of the

worms.

The 30 sets of sound seeds approach very closely in their percentage

lint to that found for the entire crop, the difference being only 0"2 per

cent. ; the closeness of results, in view of the small size of the sample,

•may in part be due to chance.

The 30 sets of random samples are also not very far out in percent-

age lint, being 0-7 per cent, in excess.

The " damaged " seeds and the " double " seeds vary most from

the normal, as was to be expected, but it is almost surprising that they

varied so little. The " damaged " seeds are only 1-5 per cent, above

the normal. Remembering that the sound seeds varied to half this

extent from the normal and the entire bulk of the 30 samples was

in itself small, it is questionable how much significance should be

attributed to the figures. On the other hand the " double " seeds are

3-75 per cent, below the normal. In their case part at least of the

difference may be real, especially as a certain amount of the lint on

both components is probably destroyed by the worm when attacking

the seeds together. Hitherto, we have been reckoning the weight of

the worms in with the seed weight, as would happen at a ginnery when

calculating ginning outturn. Obviously- the weight of the worm com-

pensates to a large extent for the lost seed weight in the percentage

lint calculations. However, on comparing the total weights produced

by damaged seeds and double seeds with that of the sound seeds, it is

very obvious that a considerable loss of substance has occurred, which

strangely enough is distributed in such a manner that lint and seed

plus worm are in very nearly the same proportions as lint and seed in

normal seeds. Removing the larvae from these samples, the percent-

age lint rises two to three per cent.

The ' Gemmaiza crop " samples are much bigger individually and

together than the sets just under consideration. Here, as was normal,

the component samples varied in percentage lint, the standard devia-

tion being approximately 0-5 per cent. The entire samples on the

other hand all worked out to 34 per cent, lint (seed weighed including

worms).
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Even supposing the sets of 30 samples of " damaged " and " double "

seeds to be absolutely representative of the change produced in the

percentage Hnt of such seed, it may be remembered that changes of

such magnitude would not occur in ordinary samples, as 100 per cent,

infestation of seed is very exceptional. 100 per cent, infestation of bolls

does not necessarily mean more than 6-6 per cent, infestation of the

seed, and rarel}^ more than about 20 per cent, (Crop conditions 1917)..

The alteration to the ultimate percentage lint would also not be in the

ratio percentage infestation x abnormal percentage lint : percentage

sound seeds X normal percentage lint, but would be altered in the direc-

tion of the normal percentage lint by the less weight produced by the

damaged seeds.

The differences in direction of variation of percentage lint of

double and ordinary damaged seeds would also tend to eliminate each

other. All these factors together help to keep the percentage lint close

to what would have been the normal, if the Pink Bollworm had been

absent.

In passing it may be remarked that the ginning outturns published

for the last few years have not showTi any fluctuations which can be

traced to damage done by Gelechia. (Plate 91).

Tables XIV and XV have been compiled (from figures supplied by
the State Domains Administration, to whom our thanks are due) to

show how far the percentage lint in Mitafhfi and Afhfi has varied during

the period 1891-1917 and in Affifi, Assili and Sakellaridis in the period

1911-1917.

The figures for Mitafiifi and Affifi can be considered comparable

to a great extent. The mean percentage lint for Mitaffi£ is 34-0, for

Afiifi 34-1
; the two series are consequently extremely suitable for

comparison and can be considered as forming an unbroken series.

The first point that calls for remark is that for every year during

the whole period Qorashia ginnery has never given a lower percentage

lint than Sakha ginnery, and in all but two years it has given a higher

percentage.

The second point is that the simultaneous difference between the

percentages obtained by the two ginneries is often quite as large or

larger than the yearly fluctuations from the mean percentage.

The third point is that the standard deviation for Mitaffifi (period

1891-1912) is twice as great as that for Affifi (period 1911-1917). As
Mitaffifi was grown previous to the introduction of Gelechia, and Affifi

is contemporaneous with that pest, it is evident that the percentage

lint has not been greatly influenced, if at all, by the Pinlv Bollworm.

The reduction of the magnitude of the standard deviation however,.
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may be considered to be connected with the greater purity of Affifi

as compared to Mitaffifi.

Finally, the deviations observed nowhere reach three times the

standard deviation and may not have any real significance.

In the next Table are recorded the percentages of lint for various

varieties for the period 1911-1917 which just covers the period during

which Gelechia has risen from insignificance to importance. It can

here again be pointed out that none of the fluctuations shown is suffi-

ciently large to be significant.

Finally, comparing the standard deviations for the annual varia-

tions in the percentage hnt with the standard deviation found for the

samples composing the crop of a single field shown on Table XIII (com-

parison of sound and attacked samples) it will be found that the standard

deviation of the annual variation is nearly the same as the standard

deviation of the variation of the percentage hnt of various parts of a

single crop.

The damage done to the crop can be calculated consequently from

the seed alone, or from seed cotton, or from the hnt alone. Provided

that the samphng in the field is properly done, and this has through-

out been found to be the most difficult part of the work to get done

correctly, the rest is simple. It is necessary that a really representa-

tive sample be taken, boll by boll, each boll being wrapped separately

in paper. For this purpose all the ripe bolls of a large number of trees

are required. In the laboratory the bolls are picked apart and examined

for damaged seeds. The sound bolls are counted and then ginned

together, the damaged ones likewise. Before ginning, if the two piles

of seed cotton are weighed, we already obtain material for the estima-

tion of the damage. The loss can be calculated by finding the total

weight of all the seed cotton, and subtracting tliis from the weight

found by multiplying the average weight of one sound boll by the total

number of bolls used, sound or attacked.

The loss itself is however composed of various items, which are

briefly :

—

(1) Keduced weight of sound seeds developed in attacked bolls

and consequent proportionate loss of seed and lint weight.

(2) Lost substance of attacked seeds, and proportionate loss of

hnt.

(3) Total loss of some of the seeds in attacked bolls, and total loss

of the lint they ought to produce. Material in which the

bolls have been carefully separated as above described,

from which all the seed has been carefuly counted and

weighed, can be tested for the proportion of loss due to each



rROCT.EDlNGS OF THE THIRD ENTOMOLOGICAL MEETING 493

of the three modes of loss, and gives quite close results,

whether dealt with as seed cotton, or whether each item is

separately estimated and the totals added together.

The total damage to the crop week for week in one field in 1917

was thus estimated as being about 11 per cent, at the end of August
increasing to about 19 per cent, by the end of the season. The average

damage for that field in 1917 was probably near 17 per cent., a figure

Ballou and 1 reached by a totally different method of calculation for

the year 1916 as an average for the Delta, The work on the 1918 crop

is now being carried out, but from figures received at the time of

writing (25th December 1918) the first picking in four fields calculated

for was only damaged to about 4 per cent. ; the second pickings

varied more than the first in respect of damage, the lowest of these

giving 8 per cent, and the highest 29 per cent. The actual damage
would be somewhere between 6 per cent, in the least damaged field

and 17 per cent, in the worst. All these figures are, however, still

provisional, and subject to checking.

Work on the Pink Bollworm has in Egypt been done practically in

ignorance of what has been done elsewhere, especially as concerns all

work prior to 1916. Our Department of Agriculture was only recently

started and has not yet been developed. For this reason we have not

frequently quoted previous authors' results in our earher papers, and
for the same reason all our statements have been made entirely on our

own observations.

Such a condition has its good and its bad sides. We have perhaps

started on hues of investigation leading nowhere, which a Httle reading

would have helped us to avoid. It has on the other hand prevented

us taking anybody's results for granted, and has made us much more
sure on points where we claim knowledge.

In 1911 the Pink Bollworm was considered to be a rare cotton insect

and rather a curiosity. There was then no old-estabhshed, sufficiently

complete collection of insects in Cairo, from which one could have
gathered the information that the rare insect was a probably new
importation. Such a collection now exists and is the creation and
property of the Entomological Section. Newly-introduced pests will

in future be liable to be recognized as such, at an earlier date, should

the misfortune happen that they evade our importation restrictions.

In the autumn of 1912 it was first recognized that the Pink Boll-

worm was probably a recent introduction, on account of a severe

outbreak at Abukir near Alexandria.

In the early months of 1913 our first Plant Protection Law {Loi

No. 5 du 11 Mars 1913, sur la Protection des Plantes contre les Maladies
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provenant de VEtranger) was passed. It had been asked for before the

Pink Bollworm had been recognised to be an imported pest, and was

intended to act as a safeguard against similar occurrences. The Law
prohibited the importation of unginned cotton, cotton-seed, cotton-sticks

and Uving cotton-plants. It further subjected all living plants introduced

into Egypt, apart from a few exceptions, to be fumigated at the

port of entry. This law was replaced three years later by a new

law {Loi No. 1 de 1916 sur la Protection des Plantes confre les Maladies

movenant de VEtranger) which prohibits the traffic in ginned cotton as

well as cotton-seed and gives improved facilities in a few other weak

points which had been found out in the course of time. Our work on

the methods of control was begun in 1912 when treatment by fumi-

gating seed in sacks was tried. At that time the insect was a very

minor pest, and treatment of the seed in bulk could not be thought of

on account of the opposition expectable from the ginneries.

It was then already recognized that treatment of the seed alone

would lead nowhere, unless treatment of the rejected bolls in the field

was insisted on.

In 1913 we concluded that whatever steps were taken to free the

seed from worms, the seed would have to be treated in bulk. Further,

that it would be as absolutely necessary to treat all the seed produced

as it was necessary to insist on the destruction of all the bolls left on

the trees after the last picking throughout the whole country. In

dealing with an insect Hke the Pink Bollworm one must insist on the

widest and simultaneous application of the measures decided on, if

any relief is to be expected.

The methods tested in 1913 were mechanical and chemical. Of

the mechanical methods treatment by hot water, by hot-air, by cold

and by vacuum were tested. It was found possible to kill the worms

by immersion in hot water, without injuring the germination of the

seeds. To quote from a paper by Gough and Storey, " The fatal

temperature for Gelechia larvce must lie very close to SO*' C., as 50°

apphed for five minutes kills ninety-seven per cent, of the worms. One

minute at 54° was not sufficient to kill all the worms, but two minutes

at 55° were absolutely fatal to them. Temperatures of 55° and over

were invariably fatal."

The temperature hmits of the seed were also given :

—
" Immersion

in hot water at temperatures of 50° to 55° appears to have no bad

influence on the germination. However, five minutes at 55° appear

to have stimulated the germination. Stimulation of the germination,

certainly appears to take place after immersion for one minute at 60°,

65°, and 70°, though longer exposures at these temperatures still appear
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to have little or no effect on the seed. At 75° the fatal temperature

for cotton-seed is already being approached, the germination after five

minutes exposure to 75° falling."

As will be seen later, these temperature hmits have been found to^

apply to seed treated by heat by other methods, now being appHed

commercially.

Dry heat was in 1913 also experimented with and was found to kill

the worms sufficiently (100 per cent.) without injuring the germina-

tion of the seed. We gave a table showing temperature of the air,,

time required and results to worms and germination confirming our-

statements. However, we failed at the time to examine the extreme

temperature reached by the seed, and thus missed obtaining confirma-

tion of the immersion temperatures.

Cold temperatures to—6° C. were tested, but found ineffective.

Worms subjected to a partial vacuum were not affected.
"

Fumigation with hydrocyanic acid gas, carbon bisulphide, and

sulphur dioxide were tested. The first two gave good, the last only

partial results (carbon tetra-chloride was tested at a later date, but gave

negative results). Ammonia and motor- spirit were tested, giving very

poor results, and tobacco smoke, giving negative results.

Immersion of the seed in Cyllin solution 1 : 1000 for 24 hours was

found satisfactory, and in a proprietory insecticide called Salvatorine

18 : 1000 which killed both worms and seed.

About the time when these experiments were being made, we were

informed that it was possible to electrocute the worms, and that this

method led to satisfactory results. On testing, it was found to have

practically no effect on the worms.

Of the methods just mentioned the heat treatment has finally been

adopted as the standard, not however without the fumigation method

by carbon bisulphide and by hydrocyanic acid gas both having been

tested on a commercial scale.

The carbon bisulphide method was tested on a large scale in a

machine built entirely in Egypt by Messrs. T. Cook & Sons to the order

of the Ministry of Agriculture. This machine was origmally erected.

at the Domains ginnery at Sakha, and has since been re-erected in the

grounds of the Ministry of Agriculture at Cairo.

The machine consists of six vats, connected to each other and to

an air-pump by a series of pipes. The vats can be hermetically closed.

They are intended to be filled with cotton-seed, and are each of two

cubic metres capacity. An opening at the top allows for filling with.

VOL. II F
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seed, another at tlie bottom for discharging the seed into sacks. In

the system of pipes is inserted an evaporating apparatus, and a series

of taps. It is possible to connect any one, two or more vats with the

air-pump and with the evaporator. In practice it was intended to fill

one vat and charge it with carbon bisulphide gas. Whilst the gas is

acting the other vats would be filling. Allowing 10 minutes for filling

and discharging each vat, the turn of each for action would come round

in one hour's time, during which its contents would be exposed to the

gas. After this time the gas would be pumped over into the vat

whose turn for gassing had come, and a fresh dose of bisulphide added.

The action of the machine was perfect, and not over expensive, but

objections were raised to it on account of the smell created, and more

jiarticularly on account of the danger of explosions. The Entomo-

logical Section, considering that hydrocyanic acid gas was too danger-

ous to be used for this purpose, consequently turned its attention to

heat treatment.

In the meanwhile the possibility of hydrocyanic acid gas treatment

as a method of killing worms in seed was advocated by a member of

the public and a machine was constructed at Government expense

by Messrs. Sulzer, of Winterthur, Switzerland. It consisted of a

gas generator and dryer, an air-pump, and six vats which, in contrast

to ours, were intended to withstand a partial vacuum. The seed was

likewise fed in at the top and withdrawn at the bottom.

Experimental work with this machine in 1916 revealed an unexpected

weakness. At temperatures under 27°C. the gas condensed on the

seed, and action was imperfect. To obtain reasonable results it was

consequently necessary to heat the seed previous to treatment, if its

initial temperature was too low—a condition normal in winter. The

use of the machine has never advanced beyond the experimental stage.

Its initial cost will prevent its adoption by ginneries, as the standard

heat-treating machines are much cheaper both in initial cost and in

running expenses.

Prior to the erection of this machine an experimental hot-air machine

had in 1914 been erected by Mr. Crovisier of the State Domains Adminis-

tration, and demonstrated in June 1914 simultaneously with our

carbon bisulphide machine. Although successful, it was rejected

on account of its great bulk and small output. It consisted of

a large double-walled box four metres long and sixty centimetres high

and sixty centimetres broad and was heated by a number of steam pipes

running from one end to the other. An endless canvas band, kept

in position by means of a leather belt at either side, ran into the box

at one end and out at the other, passing along a short distance above
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the steam pipes. After leaving the hot-air chamber the band was
carried back on rollers underneath the box. The temperature of the

hot-air chamber was regulated by means of a steam-tap and a lever

which opened two ventilators situated under the box. A thermometer

was passed through a hole in the roof until its bulb was situated a few

centimetres above the cloth band. The seed was fed on to the band
by an automatic feeder consisting of a grooved roller revolving under

a hopper with an adjustable outlet. The rollers carrying the canvas

band were comiected with a variable gearing apparatus by means of

which the speed at which the band travelled could be regulated.

The machine was tested by Mr. Storey in June 1914. It was found

to kill the worms satisfactorily without affecting the germination of

the seed, but was only able to treat one ardah of seed in five hours.

This machine was only a working model.

Our carbon bisulphide machine and Crovisier's machine were

demonstrated in June 1914 to a meeting of ginners and other persons

interested in the problem. The results of the meeting showed that

gimiers would object more to any machine employing a poisonous or

explosive gas than to a machine whose action was based on the applica-

tion of heat. The Ministry of Agriculture consequently decided to

devote special attention to the elaboration of a machine on the latter

lines and to have a working model erected.

The contract was given to Messrs. T. Cook & Sons, Bulaq, in

January 1915, and the machine was expected to be delivered by the

•end of February. Owing to the war, delivery was not actually made
until November 1915.

The machine is really a very simple one. In its main lines it consists

of a furnace for the generation of the hot air, a hot air chamber through

which the seed passes, and a motor (Plate 92). The hot air

machine is a rectangular box of iron, insulated on the outside by asbestos

to avoid loss of heat. Internally there are four endless bands made
of iron chains, with trays on which the seed is carried. By a contri-

vance the seed, after having been carried nearly the whole journey on

the upper surface of the upper part of a band, is discharged on to the

upper surface of the lower part of the same band, and from here, after

travelHng nearly the whole journey, it is again discharged on to the

upper surface of the upper part of the next band, and so on, until

finally it is discharged into an Archimedean screw conveyor which

carries it into the sacking exit.

The seed is fed in at the top of the machine by an automatic hopper,

which drops in exactly the quantity of seed required to make a layer

one seed deep on the endless bands.

r2
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A fan situated near the feed-in causes a continuous draft of air to

circulate througli the machine. The air is exhausted from the hot

air generator, a brick chamber surrounding the furnace.

The temperature is regulated by a damper which opens or closes

by means of screw. This damper is interposed between the hot air

generator and the hot air chamber. A thermometer passing into the

body of the hot air chamber indicates the heat of the air at that part

of the machine, and is used in regulating the temperatures. By openihg

the damper as soon as any indication of a fall is evident, and by closing

it as soon as a rise commences, it is easily possible to keep the machine

regulated to plus or minus half a degree of the desired temperature.

This regulation could, of course, be made automatic if necessary. We
did not fit an automatic control on account of the extra expense.

In working th« machine the following factors have to be

considered :

—

(1) The outside temperature=the temperature of the seed.

(2) The time required to pass through the machine.

(3) The temperature the machine is regulated to give.

(4) The temperature of the seed at the exit.

Of these four factors the last is the most important, and the other

three factors must be regulated so as to keep the temperature of the

seed at the exit between 48° C. and 55" C. The best temperature to

regulate for is 50°C.

When working the machine, the time required for the seed to pass

through is not interfered with ; the temperature required in practice

is aciually obtained by observation of the thermometer situated near

the regulating damper, these readings being supplemented and corrected

by observations of the temperature of the seed at the exit.

The temperature regulated for is not so important as the tempera-

ture of the seed at exit.

This machine, which was quite successful in killing all the worms

in the seed without injuring germination, was used for the treatment

of several hundred ardebs of seed, much of which was intended for

exportation. Much of the work done with it was of great importance,

in that it familiarized us with the problems of seed treatment by heat

before the introduction of other, more perfect machines ; and also

that the results obtained in the growing of treated seed enabled us to

counter many, one might almost say frivolous, objections which were

urged by interested parties when opposing legislation compelling seed-

treatment in the ginneries.
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Tke small output of the machine, about 4 ardebs an hour, prevented

its adoption on a commercial scale It had, however, excited sufl&cient

notice to the problem, and as a consequence other machines were offered

to the Ministry of Agriculture for testing, in which seed treatment by

heat is apphed. The first of these other machines offered us was

Messrs. Simon's machine for drying malt.

This machine consists of a horizontal cylinder in which revolves

a skeleton comprising five longitudinal steam pipes and an equal number

of bars carrying flanges which serve to mix up the seed. The seed is

fed at the top at one end of the cylinder and makes its way out through

a hole in the side near the other end.

The machine was remarkably successful, especially after a regular

automatic feed was fitted. If worked properly, it kills all the worms

in the seed without affecting the germination in the least. It had long

been desired to force the ginners to kill all the worms in the seed. Until

this machine was tested it had not been possible to ask for legislation

in this direction, but after the possibilities of this apparatus had been

demonstrated there was no longer any obstacle to legislation.

As a consequence. Law No. 29 of 1916 was passed, which orders

that every ginnery must be fitted with an approved machine for the

destruction of the worms in the seed, and that the machines must be

worked to the satisfaction of the Ministry of Agriculture. The Ministry

was given the power to enter any ginnery, inspect, take samples and,

in case the worms are not being killed, to stop the ginnery and to destroy

all seed containing living worms. This could all be done before

obtaining a judgment. If found gailty of contravening, the offender

gets off with a fine of up to one pound and, or, one week's imprison-

ment. The judge must, however, order the destruction of seed con-

taining living worms if asked to do so by the public prosecutor. This

power to stop a ginnery from working and to destroy seed is relied on as

a preventive, the legal penalty being inadequate.

The passing of this law caused still more interest to be taken by

engineers in the seed treatment problem, and many more machines

were presented for trial or in plans. An account of all of these is given

by Storey in Bulletin No. 14, " Machines for the Treatment of Cotton Seed

against Pink Bolhvorm {1918)" from which paper I am quoting freely.

In this place I intend only to refer to the two most successful of them,

one of which has been approved by the Ministry of Agriculture for

erection and as fulfilling all legal requirements.

The simpler of the two is Lenzi's machine. It consists of a long

narrow cylinder, steam-jacketed all round, in which revolves an axle
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bearing a number of broad propeller blades which force the seed from

one end to the other.

A sample of seed treated at 55°C. showed complete mortality of

the worms, but about 5 per cent, of the seed is damaged in the process.

This damage must certainly be due to the overheating of a number
of seeds that have remained too long in direct contact with the heating

surface. It was observable that masses of seed in front of the propeller

blades traversed the lower part of each revolution e7i masse with very

little movement inter se. The outermost seeds of such masses would

consequently remain in contact with the surface of the steam-jacket

for a considerable period, as the rate of revolution was very slow.

Obviously, it should be possible to overcome this defect by keeping

the seed in more rapid motion during its passage through the machine.

Apart from this one remediable defect the machine was very satis-

factory. In a trial the first seed that came through had a temperature

of 50° C. which rose very gradually and regularly to 55° C. where it

remained constant.

The other machine, known as the Delta, has been approved

as complying with the requirements of the law, and has been adopted

by some of the ginneries. One has been working with very satisfactory

results for two seasons at Beni-Suef. It is practically identical in

principle with Lenzi's machine, but instead of consisting of a single

long cylinder, steam-jacketed all round, it consists of three shorter

cyhnders, placed one above the other, and steam-jacketed on the lower

half only, the upper half being a lid which can be removed so as to

facilitate the cleaning of the cyhnders. In each cylinder there is a

revolving framework which carries on its circumference a spiral band
which propels the seed along the cyhnder, and a number of longitu-

dinal bars which keep the seed in constant motion, the whole framework

revolving quite rapidly. The seed enters through an automatic feeder

at one end of the uppermost cylinder and, after passing through the

three cylinders, is dehvered at the other end of the bottom cylinder.

In more recent models the machine has been made to consist of a

single cylinder equal in length to the three component ones of the earher

pattern. This modification was introduced in order to let the machine

fit into the available space in a factory with less alteration to building.

Although the legislation enforcing seed-treatment was passed in

1916, and although ginners were given a clear year in which to supply

themselves with the necessary machinery, the law could not be enforced

until 1918, because of the difficulties in obtaining machinery in war time.

This difficulty was increased by the want of interest on the part of

some of the ginners, who postponed ordering their seed-treating machines
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until too late. However, as a sufficient number of machines

was ultimately obtained to supply the needs of Upper Egypt, the law

has been appHed to that part of the country alone. Lower Egypt will

have to follow suit next ginning season.

The enforcement of this law has hitherto not presented any special

difficulties. Some of the factories in Upper Egypt, which had received

• their machinery in 1917, treated a large quantity of seed in that season.

Although the law was not operative we were given the opportunity

to study the methods of control, and thus to be able to start with a

definite routine at the beginning of this season.

The working of the machines is controlled by germination tests

and worm tests. For this purpose we rely on two sets of samples
;

a voluntary set of five samples of about 500 grammes each, sent on
each working day by the ginner, and occasional surprise samples taken

by our own agents.

On the arrival of samples at the Laboratory they are registered.

Then 50 grammes (or about 500 seeds) from each sample are germinated,

the remainder of the material received being searched through for Uving.

worms. If any unsatisfactory result is obtained in germination, a

further 50 grammes from the same sample is immediately germinated.

Ginners are notified immediately of spoilt seed and of hving worms
found. So far only one has had to have further proceedings taken

against him, for continuous and habitual disregard of warnings.

Economic entomology is hopelessly mixed up with botany, in fact

cannot be separated from it. Thus we have evolved quite a technique

for our germination routine, which as it may be of use to others dealing

with the sam.e problem is here shortly described.

Our germination is all done at a uniform temperature of 30°C. to-

27° C. As we have to deal with very large numbers of samples, we
have converted a room measuring 3-5 metres by 3-5 metres into an

incubator. The windows and door are double, having an air-lock of

about 50 cm. width. The ceiUng has been lowered, a straw matting-

forming a false ceihng at 3 metres from the ground. The heat is suppHed

by a hot water radiator, heated by gas. A regulator made in Cairo to

our own design, actuated by a Hearson's capsule, admits only the

quantity of gas necessary to give the h^at required.

Shelving all round the room gives space for 4000 germinating dishes

at a time. Our dishes are native made, glazed earthenware, about

20 cm. wide by 5 cm. deep. The seed is placed on a sheet of felt and

covered by another sheet of felt. One hundred cc. of warm water is

given to each sample to start germination ; the water is drained off

and replaced by fresh water after 24 hours. Germination is complete
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in 48 hours. The dishes, when in use are piled one on top of the other,

so as to act as lids. On the top of a stack comes an empty dish.

After each germination the felt discs are washed in copper sulphate

solution (1 : 1000).

Before using this method we used to employ Petri dishes and blotting

paper, each dish taking at the most 100 seeds. The dishes were in

those days placed in an ordinary Hearson's incubator. It was of course

not possible to work on a large scale in this way, especially as rotting

of samples used to be very frequent. We have not had a single rotted

sample since using our newer method, and have germinated without

difl&culty over two million three hundred thousand seeds.

After germination is complete, the seeds are sorted and counted.

Forty-eight hours under the conditions described produces rootlets

of three and more centimetres in length greatly facilitating discrimina-

tion. The non-germinated seed is previous to counting resorted into

whole and attacked seed. For the purposes of the tests the attacked

seed is not recorded for germination ; its numbers are however recorded

for the purpose of estimating extent of attack.

Samples of 500 seeds give a probable error of about 2 per cent, for

germination. The average germination of sound Upper Egypt seed is

near 90 per cent.. Lower Egypt seed near 82 per cent. It is suspected

that the non-viable seeds have very probably lost their vitaHty owing

to puncture by Oxycarenvs.

The following statistics relating to the first three months' working

of the law may be of interest.

There are 24 factories working under the law, each one of which

was inspected before ginning commenced in order to verify the existence

and proper fitting of the machinery.

Our inspector, sub-inspector and moawens [assistants] have made
310 visits and taken 1,063 samples and ginners have forwarded 3,650

samples and these 4,713 samples have been examined for worms or

germinated. In these 239 samples were found to contain living worms
;

18,273 larvae were found of which 17,734 dead, or 97 per cent, mortahty
;

and 37 samples were found to have been burnt. 2,313,834 seeds have
been germinated of which 281,257 failed, giving 88 per cent, germina-

tion.

Considering that this is the first year that the majority of

the factories have worked the seed-treating machines, this is a very

creditable result for them.

It may be mentioned here that the percentage of germination fluctu-

ates from district to district, but appears to be very constant within each
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district. This is one of the reasons why we suspect a seed-sucking

insect of damaging the germination.

Law No. 29 of 1916, in addition to ordering the treatment of all

seed in the ginneries, regulated the storage of cotton-seed and seed-

cotton during the months May to August. During this period all

cotton-seed and seed-cotton must be kept in licensed stores. Licenses

for stores are only granted, after inspection, if the stores are properly

moth-proof. All windows must be screened with wire-gauze or cloth,

and the doors must be kept shut at night. This part of the law was

enforced only in 1916 ; it was found impossible to enforce it in 1917-

1918, on account of the shipping difficulty which it was anticipated

would enormously increase the quantities of cotton-seed kept in Egypt

during the summer.

Prior to its application the cotton merchants feared that the screens

would interfere unduly with ventilation, and that they would soon

get clogged with particles of fibre. Some of the stores were conse-

quently fitted with closable screens, which were left open all day and

shut at night. Other stores were fitted with permanent screens : from

inspection of such screens after the end of the season the fear that the

ventilation would be seriously interfered with appears to have been

unnecessary.

Owing to the habits of the moth, as already mentioned earUer, there

is no fear whatever that they may escape through open doors or windows

during the day.

In 1909, before the Pink Bollworm had become known as a pest

on cotton in Egypt, a law was passed prescribing the measures to be

taken against the Bollworm (Earias insulana). This law (No. 7 of

1909) prescribed the pulling up of all ohroe and Hibiscus cannabinus

plants by the roots, and the pu.lling up of cotton or the cutting of its

roots in such a manner that it could not sprout again. If the existence

of non-uprooted plants of these three species between the 1st of January

and the end of March on lands where they had previously been grown

was noticed, the local authorities were to have them pulled up, the

cost of the procedure being recovered from the owner of the land by

the administrative channel. Exceptions were made for certain dis-

tricts in the North of Behera, Gharbia and Sharkia provinces, where

latoon cotton was customarily grown.

It was hoped by this law to restrict the damage done by Earias

by making a period of three months during which it could not find any

food-supply ; speaking from knowledge acquired later from experience,

the last date for pulling up the plants was much too late to be of much
Use, without simultaneous destruction of the bolls, which was not ordered.
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111 1912, after the formation of the Department of Agriculture, this

law was revised and replaced by Law 19 of 1912. It was now provided

that in all the provinces south of C4izeh (Upper Egypt) the last date

for pulling up the cotton-sticks and the ohroe and H. cannahinus should

be 15th December of each year. The other, more northern, provinces

were given until 31st December. Exceptions were made for the most'

northern sub-districts in which 15th January was the final date. Owing

to intense opposition encountered when preparing the law, ratoon cotton

had to be permitted. The growing of ratoon cotton was however regu-

lated ; the ratooning plants had to be cut down to 15 cm. above the

ground, sheep had to be pastured in the cotton fields before this cutting

down of the plants in order to eat the leaves and bolls, and any leaves

or bolls left after their passage were to be swept up and burnt before

the cotton- sticks might be cut or heaped up. If all this treatment were

not applied before 15th January then the exception granted for the

ratoon fields was annulled, and the land was to be treated as if no exemp-

tion had been granted.

As in the previous law, all cotton, ohroe or H. cannahinus found

growing after the prescribed date was to be pulled up and destroyed

by the local authorities, costs being recovered by the administrative

channel.

A weak point in both these laws was the inadequate penalties. The

Capitulations limit the penalties to one pound or one week's imprison-

ment or both.

In 1912 the first serious outbreak of the Pink Bollworm occurred

at Abukir near Alexandria. In the next year it became more or less

general throughout the Delta, and was noticed in Upper Egypt (where

we know of. its occurrence, however, since 1911).

This outbreak of the Pink Bollworm, whose very serious nature

was recognized in the autumn of 1913—in the summer of 1912 one

still was of the opinion that it was a native insect—led during the summer

of 1914 to the issuing of Law No. 4 of 1914, which ordered that each

year after the cotton harvest, all bolls adhering to the plants were to be

removed and burnt. This operation was to be executed 15 days before

the date fixed as the last one before which all plants must be pulled up.

In case of non-execution of the boll-picking the plants were to be seized

and burnt.

In the light of after-events it did not go far enough. The dates

fixed were much too late to do any good and the law made no mention

of the fallen bolls. The burning of the sticks was, however, a penaltjr

which would induce most landowners to comply after a fashion.
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The question of removal of bolls from the cotton-sticks before or

after pulling the sticks was not an important one from the theoretic

side. It was however considered important by the inspectors who
had to administer the law.

This law was operative for two years and the organization used

was similar to that then recently introduced for the Cotton worm
campaigns. The Mudir [Provincial Governor] was in supreme command
in his province, and was assisted by the Inspector of Agriculture. Each
province was divided into zones, the charge of which was entrusted

to the Mamurs [District Officers] and these had the help of the Moawens
[Assistants] of Agriculture. In the villages the Omdehs [headmen]

were responsible for the whole village lands, but deputed the control of

portions of their command to the Sheikhs of the village.

A campaign of pubhcity was organized before the commencement
of the work, in which the villagers were told what was wanted of them,,

and why.

It was ordered that a special spot be set aside in each field, marked

with a red flag, for the burning of the bolls. The Sheikhs were instructed

to supervise the burning personally, and the Moawens of Agricul-

ture and administrative staff were specially asked to give this w^ork

personal attention as far as possible.

Cotton-sticks were to be burnt if found standing with the bolls after

the date fixed, or if found cut or pulled without the bolls having been

removed. Any expenses connected with the burning were charged

to the owner of the sticks.

No sticks were allowed to be pulled before the bolls were removed.

A WTitten permission had to be obtained from the Sheikh for this purpose,

the Sheikh verifying the facts before giving the permit. The neces-

sary routine for reporting to the Head Office was also worked out in

advance.

The campaign of 1915 was very vigorously carried out, but it soon

became evident that the final dates allowed were much too late to be of

practical use ; and what is worse, the law taking no notice of fallen

bolls, many cultivators simpUfied matters for themselves by merely

beating the bolls off the trees instead of picking and burning them.

A modification of the law consequently became necessary. Our pre-

vious experience was consequently again embodied in legislation, the

result being Law No. 17 of 1916.

This law is the first one which was drafted specially against the

Pink Bollworm. The previous ones had been based on Earias legisla-

tion, and were patchwork, having the defects of patchwork.
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The new law runs mucli on tlie same lines as the previous ones, but

introduced several new points.

The last dates on which cotton, okroe, and H. cannabinus had to

be pulled up, or have their roots cut in such a way that they could not

grow again, were not altered. No exceptions could be granted for

ratoon cotton.

Every year, immediately after the harvest, and in every case before

the dates fixed annually for each district or zone by the Ministry of

Agriculture after consultation with the Provincial Councils, all the

bolls remaining on the cotton plants or lying on the ground must be

collected and destroyed by one of the means prescribed by the Ministry

of Agriculture. The removal and destruction of the bolls must be

accomphshed before pulling up the sticks. Independently of the trivial

punishments which it was possible to inflict on account of the Capitula-

tions, the local authorities or the agents authorized by the Ministry

of Agriculture were empowered, in the case of plants left standing beyond
the final date, to have the plants pulled up by the owner under

their supervision, or. if necessary, to have the work done by labour

supplied by themselves.

Secondly, in case the bolls had not been removed by the date fixed,

to supervise the removal and destruction by the owner of all bolls left

on the trees, or, if necessary, to have the work done by labour supplied

by themselves.

Thirdly, to seize and destroy bolls which had been collected, but

which the cultivator had not destroyed.

Fourthly, to seize and destroy cotton-plants which had been pulled

up before being cleaned.

The cost of all these operations would be charged to the owner of

the plants, and could be recovered administratively.

The transport of uncleaned or insufficiently cleaned sticks was
prohibited ; such sticks if found could be seized and destroyed by the

local authorities or by authorized agents of the Ministry of Agriculture.

It will be seen that this law gives sufficient power to the adminis-

tration to ensure the proper cleaning up to the cotton-fields after the

harvest, and, taken in conjunction with the law enforcing the treatment

of seed in the ginneries and screening of seed-stores, theoretically gets

at all the possible lurking places of the Pink Bollworm.

Some criticism of the law may however be permitted. The clause

compeUing pulling of bolls previous to uprooting the cotton-sticks was
not asked for for entomological but administrative reasons. As already

stated, the penalties were inadequate, the maximum one being one pound
or one week's imprisonment, or both. In almost every case it would
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pay to suffer the maximum penalty rather than to do the work. It

was for this reason that the law had to allow the Ministry of Agricul-

ture to intervene and do the work at the owner's expense. The judges,

too, instead of imposing the full possible penalty, usually inflicted fines

of one or two shillings only. Burning cotton-sticks is not a desirable

punishment in a country destitute of other sources of fuel supply, but
was the only thing that really moved the people to action.

In an educated community, where everyone realizes the necessity

and the reasons for action, one might hope for the maximum possible

results from a law like this. In Egypt, however, almost every one was
out to dodge the inspector, and to do just so little as to avoid getting

his sticks burnt. The desire to protect the next year's crop seems to

be missing. If it could be done without work, everybody would praise

the Government, but measures which involve any display of energy
are not popular.

As already stated, the law appears to cover all the lurking places

for the Pink Bollworm, but it is of course recognised that the strictest

application possible will never eradicate the insect. A large percentage
of the bolls, which have fallen to the ground, will always escape destruc-

tion. All that can be hoped for consequently is to check the increase

of the pest and to keep it within reasonable limits, perhaps even, with
very good work, to reduce the infestation to some extent.

A good deal of the usefulness of the law turns on the last date for

the destruction of the bolls. And here it may be remarked that entomo-
logical desiderata and agricultural possibility clash. We demand, with
reasons which can almost be demonstrated by simple arithmetic,

that the last date be placed early in the autumn, much earlier than the

agriculturist was willing to give in 1916, or for that matter in 1918.

But unless the claim for earliness is seriously taken, we can see but
little hope for the future. In this respect it may be mentioned that

the law of 1912, ordering the pulling up of cotton-sticks by 15th Decem-
ber in Upper Egypt, 31st in Middle Egypt and the southern half of

the Delta and by 15th January in the northern Delta, was opposed on
the plea that the dates .were impossibly early. The dates for the
removal of the bolls are now much earlier, being 10th November for

Upper and Middle Egypt, and part of the Delta, 20th November for

the middle and 30th November for the north of the Delta and these

dates might stand being advanced still more without affecting more
than a small fraction of cultivators whose crop is backward. In other

words, the date appears to be fixed not for the average requirement of

the agriculturists, but distinctly later than average requirements. Our
firm conviction is that every day after 1st October matters very
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considerably, and that it is false economy to balance possible present

loss to the few against the certain increased loss to the entire com-

munity in the next season.

The campaign of 1916 was carried out much more thoroughly and

vigorously than that of 1915. But it is humanly impossible to get

perfect work. It is also to be remembered that the war seriously inter-

fered with the organization. A very large percentage of our British

Inspectors were fighting. The few left were overworked. The native

staff, especially in the lowest, badly paid grades, was unreliable and

corrupt. Many were only taken on temporarily and made the most

'of their opportunities.

In August 1916, Mr. Ballou, Entomologist to the West Indies, was

lent to the Egyptian Government by the Colonial Office to examine

and report on the Pink Bollworm situation, and on the measures adopted

for its control. Mr. Ballou arrived in time to see the campaign of

19*16, and remained long enough to see that of 1917. He presented

a long report of what he had seen, in which he endorsed the action taken

up to the present as being satisfactory, making however, the sugges-

tion that the plants should be pulled up immediately after the harvest,

and stripped of bolls later on. This suggestion was arrived at in

conference with Mr. Willcocks, Entomologist of the Sultania Agricul-

tural Society, Mr. Storey, Mr. Adair and myself, all being in agree-

ment. The reason underlying the change is that plants left standing

will, by producing new buds, flowers, or bolls, be constantly producing

new sources of food-supply for the Pink Bollworm and keeping old ones

in a suitable condition. It is thought that, by uprooting the plants as

soon as possible, the buds and young bolls will almost immediately,

and the older bolls very soon, become totally unsuitable as food-supply

lor young worms.

Plants pulled up before October would, without removal of their

bolls, be less dangerous than plants left till November before boll

removal and December before pulling. Ballou's report, which endorses

the action taken by the Ministry of Agriculture, has hitherto had to

remain unpublished on account of the paper famine in Egypt, which

was at a time really very acute.

In 1916 burning sticks was really carried out, and produced a

very salutary effect on the cultivators, but in 1917 and 1918 it was no

longer possible to insist on the burning of the sticks on account of the

fuel famine. The absence of any serious penalty instantly showed

itself, as was to be expected, in increased indifference on the part of the

cultivators, so much so that the 1918 campaign may be said to have

been very imperfect.
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In August 1917, the law was modified in order to permit the pulling

up of sticks before removal of bolls in all cases in which it appeared

advisable to the Ministry to permit this course of action. This was
because it had been demonstrated by various Inspectors of the Ministry,

and by members of the public, that it was possible to do the work of

boll-pulling more efficiently, at less cost and with less spilling of bolls,

if the trees could be pulled up and combed through rakes or put through

a specially designed machine. This modifying law (No. 12 of 1917)

marks a real advance in the development of the campaign.

On account of the fuel shortage a modifying law (No. 11 of 1918)

has had to be passed permitting the Government to seize and confiscate

cotton-sticks instead of seizing and burning.

Having detailed the progress of legislation and outlined the lines

of growth of the Pink Bollworm campaign, a few remarks on the theories

underlying them may yet be made.

The Campaign in all its aspects, fieldwork, seed treatment in the

ginneries, and screening of seed- stores, aims only at the elimination of

the long-cycle larvse or of the moths belonging to the long-cycle genera-

tion. Short-cycle moths emerging at the end of the season are com-
paratively innocuous as compared to their long-cycle progeny. Now
it has long been known to us that the proportion of long-cycle larvae

in the Pink Bollworm population is constantly increasing as the season

progresses. Recent work has shown that even in the summer months
there are amongst the short-cycle larvse a few per mille of long-cycle

worms. From breeding results of 1917-1918, we find that green bolls

collected before 10th October contained 5 per cent, long-cycle larvse

and 95 per cent, short-cycle. After this date the proportion changed

rapidly. For the whole period Uth October to the end of November
there were 23 per cent, long-cycle larvse. But for the last three weeks

of November all the worms give rise to long-cycle moths.

It will be seen that, supposing it were possible to take the crop early

enough every year, there would be very few long-cycle larvse to carry

over to the next year, and consequently the subsequent years would

know less and less of the pest. The longer the delay the more serious

the menace for the future. Every week thousands of attacked bolls

fall off the trees and escape from later control by being trampled into

the ground, by falling down cracks in the earth, or by being silted

over when the land is watered. The later in the season the more
certain it.is that such bolls must contain resting larvse. Without doubt

many of these larvse are destroyed by ants, by disease or parasites,

by being buried too deeply or by exposure to the sun. But immense
numbers manage to survive through to the next season and even to
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the season after that. Of the bolls left on the sticks also, it is certain

that, the later they are left, the more resting larvae they contain. Heaps

of sticks are a very good surrounding for the further development of

the insects, though perhaps the best environment is on the ground in

sufficient shade to prevent the temperature rising above 50° C. It has

been stated earlier, that the rise in percentage attack of green bolls

from 25 per cent, to 75 per cent, passes through in three or four weeks.

This takes place roughly at the time of the first picking.

The whole question of Pink Bollworm control centres in the

possibility of early removal of growing cotton plants from the fields.

A very imperfectly conducted campaign in September would give better

results than an obtainably perfect one at the end of October, but unfor-

tunately this is not yet agriculturally a possibility.

The treatment of the seed is without doubt also of importance,,

but cannot compare in this respect with the fieldwork. Excellent

work done on a small area is useless, unless the surroundings are far

and wide equally well cleaned. And imperfect w^ork of one year is

certain to make itself felt for two following years, even if the first of

those two following years should be conspicuous by good work. This

is due to the fact that a comparatively large proportion of resting worms

can and do survive to the second following summer before pupating

and emerging as moths.

Two experiments have been made in 1917, to test the plan of the

campaign, one at Tel el Kebir, where in a large area isolated to a great

extent by desert on both sides, the land was swept after the last crop

was taken, and where the bolls were very thoroughly destroyed and

this year was planted with treated seed. The area was looked after

by several moawens. One part of it showed exceptionally high infection

this year as compared to the others, and it was afterwards found by

inquiry, that the moawen at first in charge of that part had had to be

disciphned for neglect of duty and corruption.

For the first part of the season the whole area however was consider-

ably better judging by percentages of green bolls attacked than in the

corresponding part of the previous year. Towards the end of the season

it deteriorated, but was even so better than at the corresponding period

of the previous season. Part of the deterioration may be due to larvae

of two seasons earlier.

The other experiment was made at Armant in Upper Egypt. This

place was left alone. The cultivators know the law, and its objects,

but without driving by the agents of the Government may be relied

on doing nothing towards destroying the bolls at the end of the season.

There has been a high rise of infection percentage of green bolls recorded
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from there this year, but as all UpiJer Egypt shows an increase, judg-

ment must be reserved for a fw more seasons.

The problems presented by the Pink Bollworm are not yet all solved,

and the problem of its control has still much to be developed. Theore-

tically I am sure we are on the right track, but the administrative

problem in transmuting theory into practice appears to me to be a most

difficult one, and far from finally solved. It is rendered all the more

difficult by the passive resistance and indifference of cultivators, and

the disorganization due to the war.

A scientific Cotton Kesearch Board is now being formed by the

Government. This board will consist mainly of Government officials

of scientific standing and will also have one or more representatives

from outside. Its duties will be to promote research on all problems

affecting cotton in Egypt, and without doubt this question of the control

of the Pink Bollworm will be one of the most serious it will have

to deal with for a long time to come. The setback in control due to

the war is not Hkely to have improved conditions. But the Board

will be in a position to represent to Government whatever it considers

urgent, necessary or serious in a more forcible manner than any indi-

vidual or department could do.

. Dr. Gough has informed me that P. gossyjpiella rings the stem and Mr. Mista.

branches of the cotton-plant. But in my experience I have never seen

that.

It is very rare with us too. We have only recorded four or five Dr. Goagh.

cases and Willcocks has recorded two or three, but of course we have

examined an enormous number of plants. The ringing goes into the

cambium and the plant withers.

Dr. Gough has given us a very complete account regarding the ]>Ir. Fletcher,^

work bling done on this insect in Egypt and we shall be glad if he can

tell us something about the Staff which carries out this work and how
it is organized.

We have a well organized campaign. The organization of the pest Dr. Gough.

campaigns is as follows :

—

In each province the Mudir (or Governor) is in supreme command.
He is assisted by the Inspector of Agriculture who generally supervises

the working of the campaign, and reports on the work.

Each province is divided into zones under sub-inspectors ; these

zones are again sub-divided, the divisions being under moawnin (or

fieldmen). In each village the Omdeh (or headman) is responsible for

the work ; his area is however further sub-divided and sheikhs el balad

are in charge of the final sub- division of the control of the campaign.
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Where the work of destruction of bolls is not thoroughly done, the

cotton sticks may be seized and confiscated, or burnt. Bolls removed
irom the sticks are invariably burnt.

As a general rule the bolls are to be removed before the sticks are

pulled up, but authority can be given by the Inspector of Agriculture

for the sticks to be pulled up first and cleaned afterwards. This is to

enable boll stripping apparatus to be used.

What Entomological Staff is employed ?

Our Work and Staff are distributed as follows :

—

1. Direction.

Director, Entomological Section.

2. Collections.

1 Entomologist.

2 Momvnin.

3. Insect Breedincj.

1 Entomologist.

2 Moawnin.

2 Mulahzin.

12 Operators (daily labour).

4. Research (under Director).

1 Technical Assistant.

1 Moawen.

20 Operators (daily labour).

5. Control of Ginneries for the Treatment of Cotton Seed (uTiider Director

and Sub-Director).

2 Sub-Inspectors.

4 Moawnin.

20 Operators (daily labour).

6. Inspection of Imported Plants and seeds (under Director).

1 Assistant Entomologist.

4 Moawnin.

7. Insecticides (under Director).

1 Assistant Entomologist.

Daily labour.

8. Bee-Keeping (under Director).

1 Moawen.

1 Operator (Apiarist).

Daily labour.

9. Various Regulations concerning pests of trees (under Director),

1 Moawen for inspection of shrubs and pknts transported

from the clean to the infected area.

1 Moawen for the examination of g:^rdena.
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10. Fumigation of Citrus frees with Hydrocyanic gas (binder Sub-

Director).

5 Brigades, each brigade composed of :

—

1 Moawen as Head.

2 Mulahzin.

2 Operators (daily labour).

12 Labourers (daily labour).

1 Tent-maker (daily labour).

[ 1 Guard.

II. jClerical Sfaff;.
'
1 Head Clerk.

4 Clerks.

1 Store-keeper.

1 Assistant Store-keeper.

12. Hors-Cadre Staff.

Shawish.

Messengers.

Sweepers.

Gardeners.

Note.—Moawen is a graduate of a High School of Agriculture,

JSToTE.

—

Molahiz is a graduate of an Intermediate School of Agriculture.

The Entomological Service comes directly under the Secretary of

State.

What is the extent of your cultivated area ? " Mr. Fletcher.

One and a half million acres under cotton. Dr. Gough.

In India we have abo\it twenty milhon acres under cotton alone. Mr. Fletcher.

Has the Pink Bollworm any foodplants other than cotton in Egypt ?
^^- Ramakrishua

We have found it on Hibiscus cannabinus and H. esculentus. These -q^ Gough.
must be pulled out of the ground at the same time as the cotton-plants.

In Bombay we do not find it on anything else except cotton. Mr. Ramrao.

You are sure to find it if you look before or after the cotton crop. Dr. Gough.

Both these insects [Earias spp. and Platyedra gossypiella] are Mr. Burt,

serious pests in the United Provinces and, unless we can adopt measures

such as in Egypt, there is no chance of checking them. In irrigated

parts of our Province the cotton can easily be removed by the end of

December because the cultivators are anxious to get in a catch-crop

of peas. The sticks are burnt probably by the end of March in making
yur. But in irrigated lands we still get the pest and therefore there

seems to be some factor which we do not know yet. Before introducinor

any legislation, we must know this factor. In some districts cotton-^

sticks remain standing in the fields until June oi -July ; that happens
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Dr. Gough.

Mr.
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at all had been grown before, at any rate since the British Cotton-

Growing Association campaign a good many years ago. On this crop

G. gossypiella was found in fair numbers. I have always growing in

my compound H. rosa-sinensis, H. esciilentus and usually H. Sabdariffa,

Althcea rosea frequently also, but neither before I grew this cotton nor

subsequently have I seen G. gossypiella.

My compound is ringed in with a pure crop of Hevea trees for a

distance of quite half a mile in all directions and the land falls steeply

in all directions from it. The rainfall is sixty to ninety inches and
the elevation 1386 feet.

Table I.—showing the Quantities of Indian Cotton Imported into Egypt.

Year
Quantity in

Kilograms

Prior to 1903

1903

1904

1905

1906

1907

1908

1909

1910

1911

1912

1913

None.

20,510

25,827

9,150

"81,240

1,62,000

21,460

31,206

13,353

NoBM

10,998

90,012
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TahJe III.—Emergences of Gelechia Moths from Hibiscus escvlentus pods

and
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Table III.—Emergences of Gelechia Moths from Bihiscus_ escidentus pods

and seeds—concld.

-
1!

Emergence of Gelenchia Moths from HiBiscrs esculentus pods
AND SEEDS.

Emergence of
Gelechia Mot^s
FROM Hibiscus
CANNABINUS.

750 green pods collected
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Table VIII.—Emergence record for 1918. Moths bred from material

collected in 1917.
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Table IX.—Emergens

52T

m
record for 1918. Moths bredfrom material collected

1917 stated as 1000 emergences.
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-Table X.—Showing the number of Gelechia moths caught in a cotton-seed

store by traplight, weekly.

Week commencing

June

—

21st

28th

July—

5th

12th

19th ,

26th .

August

—

2nd

9th

16th

23rd

30th

September-

6th

13ih

20th

27th

October-

4th

11th

18th

25th

JNovember-

1st

8th

15th .

22nd .

29th

176

187

248

837

1,120

144

. 41

123

69

19

691

21,699

16,843

7,340

194

416

235

737

212

1,128

1,166

™h[ Week commencing

December

—

6th .

13th .

20th .

27th .

1918.

January

—

3rd .

10th .

17th .

24th .

31st .

February

—

7th .

14th .

21st .

28th .

March

—

7th .

14th .

21st .

28th .

AprU—

4th .

11th .

18th .

25th .

May

—

2nd .

9th .

16th .

TOTAl — 58,050 moths.

Number
caught Week commencing

May

—

23rd .

30th .

June

—

6th .

13th .

20th .

27th .

July—

4th .

11th .

18th ,

25th ,

August

—

1st

8th

15th

22nd

29th

September

—

5th .

12th .

19th .

26th .

October

—

3rd .

10th .

17th .

24th .

3l8t

Number
caught

3,965
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Table XI.—Shoiving the daily numbers of Gelechia Moths caught during the

'period 6th September to 26th September 1917:

Moths caught.

September

—

6th 318

7th . 943

8th 2,470

9th .. 4,500

10th 7,960

nth 6,500

12th 8 Light not
burning.

13th ." 6,060

14th 6,670

loth 2,800

September

—

16th & 17th 6,500

18th . . . . 2,222

19th 1 Light riot

burning.

20th 821

21st 1,403

22nd 1,524

23rd 1,610

24th . 985

25th • 710

26th 227

Table XII .

—

Showing the Infestation of green Cotton bolls by Pink Boll-

worm, data arranged according to sizes of bolls and of worms.
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Table XIII.—Showing comparison of sound and attacked samples {weights

in grammes.)

Description of sample
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Table XIV.—Variations of the Percentage of Lint in Mitafjfifi and Affifi

Cottons ginned by tJie State Domains during the years 1891-1917,

calculated from figures sufylied by the State Domains Administm-

tion—concld.

Year
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Table XV.—Variation in the Percentage of Lint of Sakellaridis, Assili and

Affifi Cottons ginned by the State Domains during the years 1911-

1917, calculated from -figures supplied by the State Domains Ad-

ministration.

Year
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There were three series of four pits.

Plot I had bersim sown on it.

Plot II was left bare— ' bare-fallow.'

Plot III had wheat sown on it.

One thousand bolls were removed from each pit on 30th April 1917
;

31st May 1917 ; 30th June 1917, and 31st July 1917, and examined.

These dates are approximate—it was not possible always to remove bolls

on the exact date, but there was only a difierence of a day or two.

A sample of 200 of the bolls (used for this experiment), examined
at the end of May, gave the following result :

—

First 100. Second 100.

82 Pink Bollworms alive. 89 Pink BoUworms alive.

2 „ „ dead. 2 „ „ dead.

1 „ „ dead (Pedicu- 8 „ „ dead (Pediculoides.)
hides.)

5 Empty pupae (moth emerged) 3 empty pupee (moth emerged).

These bolls had been kept in the Laboratory.

Note.—The second 100 boUs were from a sample used in the 5 cm. and 10 cm.
pit in Plot II. The original sample gave out, Plot II being sown with bolls last. It
is possible that bolls in 5 and 10 cm. pit of Plot II were rather more heavily infested

than the boUs in the other pits which were from same field. The other lot came from
another locality.

RESULTS.

Plot I. Bersim. (Trifolium alexandrinum.)

Bolls buried 13th January 1917.

Plot irrigated and bersim sown 28th January 1917.

12th March 1917.—Irrigated.

10th April 1917.—First cutting bersim and irrigated.

10th May 1917.—Last watering.

1st July.—Cut the bersim ; it was dry.

30th April 1917.—Removed 1,000 bolls from each pit.

5 cm. Pit.—1,000 boUs. They had not broken up and had not rotted. In these

Found 34 live Pink BoUworm larvae.

9 „ pupae Pink BoUworm.
22 empty pupa cases.

10 cm. Pit.—1,000 bolls ; mostly not broken up—slightly decayed. In these were-

Found 18 live Pink BoUworm larvae.

5 Uve pupae,

7 empty pupa cases.

15 cm. Pit.—1,000 boUs; a good deal decayed and broken up. In these were-

Found 5 live Pink BoUworm larvae.

1 live pupa.

8 empty pupa cases.
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20 cm. Pit.—1,000 bolls ; much decayed, mostly broken up. In these were

—

Found 3 live Pink BoUworm larvae.

1 live pupa.

14 empty pupa cases.

Plot II. Bare fallow.

Bolls buried 18th January 1917. Removed first lot of bolls, 30th April 1917.

5 cm. 1,000 bolls ; majority of bolls whole—not broken up. Least decayed of

this series.

Found 124 Pink BoUworm larvse alive.

6 pupae alive.

19 empty pupa cases.

j^,£. ^Most of the larvEe in unusually thickly woven and tough cocoons.

IQ cm. 1,000 bolls—condition good, many broken, but not in such good condi-

tion as 5 cm.

Found 10 Pink BoUworm larvae alive.

live pupae.

36 empty pupa cases.

15 cm.—1,000 bolls ; very much decayed, nearly all broken up

—

Found 1 live Pink BoUworm larva.

5 live pupae.

10 empty pupa cases.

20 cm. 1,000 boUs. Very much decayed, broken up mostly—in fact, nearly aU

—

Found 1 live Pink BoUworm larva.

1 live pupa.

13 empty pupa cases.

Plot III. Under Wheat.

BoUs buried 16th Je^nuary 1917.

Wheat sown 25th January 1917 ; no watering given.

28th January 1917 ; a light watering.

26th March 1917 ; watered.

16th April 1917 ; Cut wheat—ripe.

BoUs removed 29th April 1917.

S cm. Pit —1,000 boUs in good condition—only a few broken up-

Found 114 Uve Pink BoUworm larvae.

16 Uve pupae.

18 empty pupa cases.

(iV.5.—Many larvae in unusually thickly woven cocoons—the latter in the boUs

or Beads.)

10 cm, Pit.—hOOO boUs ; majority unbroken, condition good—
Found 36 Uve Pink BoUworm larvae.

3 Uve pupae.

10 empty pupa cases.

15 cm. Pit.—1,000 boUs. Not in bad condition at aU. Many untroken. Better

than in 15 cm. pits of Plots 1 and ii—
Found 64 Uve Pink BoUworm larvae.

20 Uve pupae.

14 empty pupa cases,

( A'.B.-State of boUs in 15 cm. and 20 cm. pits much about the same.)
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20 cm. Pit.— 1,000 bolls—not in bad condition—slightly decayed—many
unbroken.

Found 46 Uve Pink BoUworm larvae

8 live pupae.

22 empty pupa cases.

BoUs Removed 31st May.

Plot I. Bersim.

5 cm. Pit.—Bolls much decayed and broken up

—

Found 10 live Pink BoUworm larvae.

2 live pupae.

9 empty pupa cases.

10 cm. Pit.—Bolls very much decayed—not all broken up—not so bad as 15 or

20 cm. bolls.

Found 4 live Pink BoUworm larvae.

live pupae-

8 empty pupa cases.

15 cm. Pit.—Bolls very much decayed and broken up. Same as 20 cm, pit.—

Found 1 live Pink BoUworm larva.

live pupae.

1 empty pupa case.

20 cm. Pit.—BoUs vei-y much decayed and broken up

—

Found live Pink BoUworm larvae.

live pupae.

empty pupae.

N.B.—The 1,000 bolls removed is the theoretical number. The space occupied by
each 1,000 bolls was marked, but when bolls were much decayed one could
not be certain of course of recovering aU the pieces.

Plot II. Bare Fallow.

Note.—Bolls in .5 and 10 cm. pits were from a different sample to that used for the
other pits in aU three plots.

5 cm. Pit.— 1,000 bolls. Condition good ; a few only broken up

—

Found 214 live Pink BoUworm larvae, f majority in the tough cocoons.

live pupae. <

2 empty pupa cases. ( in fibre of boll or seeds.

10 cm. Pit.—1,000 boUs—about two-thirds of bolls broken up

—

Found 2 live Pink BoUworm larvae.

Uve pupae.

4 empty pupa cases.

15 cm. Pit.—1,000 bolls—majority broken up and decayed

—

Found Uve Pink BoUworm larvae.

live pupae.

2 empty pupa cases.

20 cm. Pit. 1,000 boUs ; much decayed and broken up

—

Found live Pink BoUworm larvae.

1 live pupa.

7 empty pupa cases
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Plot III. Wheat.

5 cm. Pit.—1,000 bolls ; very few broken up ; condition good.

Found 123 live Pink BoUworm larvse."^

2 live pupae. [ many larvae in the tough cocoons.

14 empty pupa cases. j

10 cm. Pit—1,000 bolls ; not much decayed and a few only broken up.

Found 21 live Pink Bollworm larvae.

5 live pupae.

10 empty pupa cases.

15 cm. Pit.—1,000 bolls—very roughjy about 40 per cent, not broken up ; decayed

on the outside.

Found live Pink Bollworm larvae.

1 live pupa.

8 empty pupa cases.

20 cm. Pit.—1,000 bolls ; not badly decayed, but many broken up

—

Found 1 live Pink Bollworm larva.

1 live pupa.

4 empty pupa cases.

Bolls Removed 30th June 1917.

Plot I. Bersim.

Note.—The bersim was not cut until 1st July so soil still had shade of crop^up to-

30th June.

5 cm. Pit.—1,000 bolls ; very much decayed and mostly broken up.

Found Uve Pink Bollworm larvae.

pupae alive.

1 empty pupa case.

10 cm. Pit.—No time to examine bolls. Had to be put in cages. Results calcu-

lated from moths which emerged.

Found 1 live Pink Bollworm larva.

pupae.

empty pupa cases ?

15 cm. Pit.—Bolls not removed until 31st July. Other work interfered with

this experiment. Nothing emerged from these bolls which were kept in

cages.

20 cm. Pit.—Same as 15 cms. plot.

Plot II. Bare Fallow.

5 cm. Pit.— 1,000 bolls ; condition of bolls good.

Found 13 live Pink Bollworm larvae.

10 live pupae.

1 empty pupa case.

12 dead larvae found—dried up.

2 dead larvae stiU soft.

10 cm. Pit.—Bolls kept in cages. From dates moths emerged 3 Pink Bollworm
larvae must have been aUve on 30th June.

15 cm. Pit. 7 1,000 bolls removed on 31st July and kept in cages. No moths

20 cm. Pit. ) emerged.

But this does not indicate for certain that no living Pink Bollworms were present

on 30th June.
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Plot III. Wheat.

5 cm. Pit.—1,000 bolls ; condition not bad—many bolls broken up and many
have retained their form.

Note.—The bolls which have decayed to a considerable extent get broken up during
the removal. Naturally, in situ they retain their form more or less, owing to the support
of the surrounding soil.

Found live Pink Bollworm larvae.

live pupa.

1 empty pupa case.

10 cm. Pit.— 1,000 bolls removed and put into cages. No moths were obtained.

15 cm. Pit") The bolls not removed until 31st July, put into cages. No moths
20 cm. Pit) obtained.

Bolls Removed 31st July 1917.

Plot I. Bersim.

The bersim was cut 1st June so during July there had been no shading of the last

section of the pits.

5 cm. Pit.— 1,000 bolls removed 31st July 1917. Bolls very much decayed and
broken up.

Found live Pink Bollworm larvae.

live pupa.

empty pupa case.

10 cm. Pit.—1,000 bolls removed 31st July 1917 and put in cage. No moths-
were obtained.

15 cm. 1 ^
nf. f feame as 10 cms. pit.
4iU cm. J

Plot II. Bare Fallow.

5 cm. Pit.— 1,000 boUs removed 31st July 1917. Bolls in good condition.

Found 6 live Pink Bollworm larvae.

6 live pupae.

2 empty pupa cases.

13 Pink Bollworm larvae dead and dried up.

1 Pink BoUworm larva dead—still soft.

10 cm. Pit.— 1,000 bolls removed 31st June 1917 and caged. Obtained 3 moths,
showing that 3 live Pink Bollworm larvae were present when bolls were
removed.

15 cm. Pit. 7 2,000 bolls removed 31st July 1917 and caged. No moths were
t. scm. Pit. ) obtained.

Plot III. Wheat.

5 cm. Pit.—1,000 bolls removed 31st July 1917. Many of thesa were broken,
up.

Found 1 live Pink Bollworm larva.

1 pupa alive.

3 empty pupa cases.

10 cm. Pit. ")

J5 c Pit
(.I'OOO DoUs removed 31st July 1917 and caged. No moths were

obtained.
20 cm. Pit.

The foregoing results are summarised in the following table :

—
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Total Pink Bollworms which Survived in Buried Bolls.

Plot and culture
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At our Second Meeting I called your attention to the interesting

results obtained by Mr. Willcocks in his experiments on the emergence

of long-cycle larvae of Platyedra gossypiella and pointed out that similar

conditions probably exist in India. In gathering material for the present

Meeting, I wrote to Mr. Willcocks and asked him if he could

contribute a note on any further work he may have done on this insect

and he has very kindly forwarded this most suggestive paper. In a

letter forwarding his paper, he also writes as follows :

—

" As regards the Pink Bollworm : since 1915 I have done very little

work on it as I was put on to other investigations and so I am not in

a position to communicate any very interesting matter to the Meeting

at Pusa, but please accept my sincere thanks for the opportunity to

do so, you so kindly offered to me.

" G. gossypiella is still a very serious pest in Egypt, but it is hoped

that the good work which is being done by the Entomological and

Administrative branches of the Ministry of Agriculture will soon bear

fruit—in the form of lighter loss from Pink Bollworm attack. I have

not statistics at all as regards the loss caused by this insect in Egypt

as a whole. The only figures available refer to conditions on our own
farm at Bahtim, near Cairo. Here, on calculations based on the exami-

nation of the bolls from 200 plants from 100 " holes " or " nogras
"

we estimate that in 1915, 1916, 1917 and 1918 the loss was approxi-

mately between 30 and 40 per cent, of the crop.

I have obtained no new information about the parasites of Gelechia.

It is strange that you have not been able to breed any in India. If

you wished to, I think it would be a fairly easy matter for you to intro-

duce living Gelechia--pSiTa,sites from Egypt. There should be no great

difficulty in getting Pimpla roborator across in consignments of Pink

Bollworm infested bolls (ripe) picked—say from September to October.

You would probably get Chelonella sulcata too in this way. Whether

or not the latter is of any importance I really cannot say. From an

interesting communication received recently from Mr. Dwight Pierce

in America I gather that Chelonella probably lays its eggs in the eggs of

the Pink Bollworm moth. This, to me, was news indeed and quite

an undreamed of habit—^it seems so strange for such a comparative-

ly large insect to oviposit in the minute Gelechia eggs.

" In Egypt we (I think I can say we) are still very much in the dark

as to the relative importance of the various natural agencies which

check the Pink Bollworm, but as will be perfectly clear to you, the proper

investigation of this question would employ the time of several men
for some considerable time.
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" As regards attempts at artificial control of the pest in the field

you may perhaps be interested in an experiment I made with light

traps in 1916.

" At Ghezireh (an island in the Nile opposite Cairo) on part of our

grounds which are some distance from the nearest cotton, I had sown
three plots of cotton each being | feddan (acre) in area. The plots

were separated from each other but only by quite a small distance.

On one plot I had 12 light traps, on another 6, and the third plot was
kept as a sort of control, no traps being employed on it.

" The traps—small parafiin lamps in glass lanterns standing in trays

containing water with a film of paraffin on the surface, the whole

supported on a wooden stand about level with the tops of the cotton

plants, each lamp being visible from any part of the plot—were started

on 20th June and were run continuously until 28th September on the

12-lamp plot, and to 21st November on the 6-lamp plot. Heavy
flooding by infiltration from a high Nile caused operations to be
suspended so early on the 12-lamp plot. The 6-lamp plot was finally

flooded too but not quite so badly and we were able to get to the traps

by building raised causeways. Here operations were continued until

no more moths were caught. The flooding had, I think, a decidedy

adverse efTect on Gelechia and so rather interfered with our experiment.

The control plot was also flooded—it was the first to suffer.

" During the whole period we caught a total of roughly 16,000

Gelechia gossypiella. Of these we examined some 13,000 for sex, finding

9,000 females and 5,000 males. These figures are given under reserve

as I have not yet worked up in detail all the data available.*

" Although the females greatly outnumber the males there were

periods when the reverse was the case. The question of the fluctua-

tion in the proportion of the sexes of moths captured in the traps is

an interesting one and needs investigating. I have no explanation of

it sufficiently definite to offer at present.

" Examination of the ovaries of the female Gelechia moths showed
that a very large number of them contained large numbers of eggs and
quite a number appeared to me to have been captured before oviposi-

tion had commenced.

* In a later communication Mr. Willcocks gives the following figures :

—

Females 10,141

Males . . . . , 5,959

Not examined .... 2,853

ToTAT. . 18,952
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" Now as to the results of catching this number of moths as shown

by the yield from the different plots—they are not encouraging !

" The following Table shows the amount of cotton picked and the

loss we estimated to have taken place on each plot :

;
First picking
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to the traps. From a practical point of view 24 traps -per feddan are

I think out of the question—unless they gave immunity from Pink

Bollworm attack.

"It is a pity that this experiment was so interfered with by the

flooding and the lack of uniformity in the crop apart from the question

of insect pests. I should say that roughly one-third of the 12-lamp

plot gave practically no cotton owing to poor soil and to the influence

of a row of mulberry trees along one side. As regards growth the

6-lamp and the control plots were most alike, but in each the growth

of the plants was rather irregular.

" I wonder why trapping moths does not have more effect, and

suppose it is because one does not catch a large enough proportion of

the total moth population present. It is a difficult matter to explain

why one can catch some individuals and not others. Can the members

of a species vary individually as regards their reaction to a light stimulus?

Sometimes I begin to think that perhaps it is only the foolish or inquisi-

tive moths which are lured away from their proper occupations to

destruction in the traps !

" One point that was rather striking was the number of injured

bolls on plants immediately surrounding and actually touching the

traps—in this respect there seemed to be no difference in close and

remote plants as regards distance from a lamp.

" Some years ago I tried the effect of coloured lights. Blue lanterns

appeared to attract Earias insulana to a greater extent than white, but

I rather think that the position of the blue in relation to the white against

which it is being opposed may have a good deal to do with the matter.

The Pink Bollworm moth did not appear to exhibit any partiality for

blue.

"As to the relative attractiveness of coloured Hghts— (if there is

any such thing—because it may be entirely a question of brilliance,

visibility, etc.)—the figures I obtained placed the coloured light traps

in the following order.

1 2 3

Blue. White. Green. Red. Oraiigt..

" The question of high-power against low-power lights is of interest

because possibly one very brilliant incandescent oil gas light might

do the work, say, of 24 low-power paraffin lamps. I was only able to

carry out a trial of this nature on two occasions. The results obtained

showed that although the bright light (500-1000 candle power) caught the

most moths it only reduced the catches in the paraffin lamp traps close

to or just beneath it.

VOL. II I
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" I think myself that moths are not attracted to light from any

great distance and that they have to come near to a light in the course

of natural flight before they see it or come under its influence ;
then

no doubt, the more brilUant the light is, the greater its power over those

species which will come to Hghts.

" Another matter in which I am interested and to which I have

been able to give a little time is the question of the survival of resting

Pink BoUworms in fallen bolls buried by ploughing the land for the

orop following cotton.

" An experiment of a simple nature was carried out in 1917 with

a view to giving us more information on this point. I enclose the

results in tabular form and other details on separate sheets as perhaps

they may be of some interest to you.
*' This experiment really requires to be done with more fineness and

attention to detail—for instance, it would be desirable to know the

temperature of the soil from day to day and the moisture content of

the soil and the influence on these factors of the different crops grown.

Again, if one could devise some means of keeping track of all—or at any

rate most of—those Pink Bollworms which one knows one has buried in

the bolls but which one never sees—or rather sees so few—figure in one's

records, it would be a great gain. It is not possible to cover in a plot

because by so doing one cuts off to a large extent the influence of the

sun—a most important factor. No doubt many of the " missing
"

larvae have left the bolls, made their way to the surface, and crawled

away, but I do not feel by any means confident that this is the explana-

tion of the sudden drop in the number of the larvse surviving in buried

bolls during the period end of May to end of June and subsequently.

It is possible, and personally I think it quite probable, that at this

season many larvse are killed by the dry soil being heated up to a

temperature fatal to the Pink Bollworm by the sun—at any rate to a

depth of 5 cm. if not to 10 cm. One might say, as there are no

records of dead larvse being found in the bolls, that therefore it is more

probable that they had left the bolls to pupate on the surface than that

they had remained to be baked alive. But as a matter of fact one

cannot employ this explanation since it is exceedingly difficult to

spot remains of dead Pink Bollworms when examining bolls which have

been buried and are therefore more or less rotten and much discoloured

—the dead Pink Bollworms being in the same state.

" The presentation of records showing the large numbers of live

larvse present in bolls kept in the laboratory on certain dates is also

inconclusive as evidence from " the death by heat " explanation rather

than the " evacuation of the bolls to pupate " explanation, because
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the temperature conditions in the soil will be quite difierent to what

they are in the laboratory, and the same applies to the humidity

oonditions.

" The main object of this experiment was really to give us positive

evidence of the survival of the Pink Bollworms in bolls buried to a

depth of 5-10 cm. to a date after the restrictions on the irrigation of

sMraki lands [land which has grown crops of bersim, beans, wheat or

barley, and has been left fallow, after the cotton crop] are removed
;

this happens as a rule about the end of June. We obtained our

evidence, since at the end of July there were still live Pink Bollworms

present at 5 and 10 cm. depth. Other experiments at this time, and

others made in 1916 and 1918, confirmed this.

" I am thus still of the opinion that we have in these Pink Boll-

worm infested buried bolls a source from which the growing cotton

crop might be infested. But as to its relative importance in this connec-

tion I do not feel in a position to say anything definite—all I can say

-at present is that the number of fallen bolls left on the ground after a

cotton crop, and which will be turned in by ploughing, etc., may be

very large, and furthermore the Pink Bollworm population in these

bolls may be very large also—it varies of course, but might be anything

from 10,000 to 100,000. Thus, given only a very small percentage

of survivals to the end of June, when conditions—owing to the watering

of the dry soil—I mean the shiraki lands—will be much more favourable

to the Pink Bollworm, there might be sufficient moths produced from

this source to be of considerable importance, as these would find condi-

tions in the cotton fields very favourable to their rapid multiplication.

" I may point out here that the Ministry of Agriculture do all they

can to make farmers collect fallen bolls before ploughing for the following

crop.
" You will see by the results given in the Table that the survival

of Pink Bollworms was greatest under wheat and bare fallow and least

under bersim.

" The bolls buried under wheat crop gave us the highest figure for

survival of Pink Bollworms, but I do not know if the difference over the

figure in the bare fallow pits is sufficient to signify anything.

" I attach great importance to the influence of moisture, when the

temperature is high or fairly so, on the activity of the Pink Bollworm,

•especially in inducing the larvae to leave the bolls or seeds and pupate.

It is possible that the soil under a crop receiving only a very moderate

amount of water would be drier than soil bearing no crop, owing to

the large amount of water taken and evaporated from the plants.

However, in' this case I canno' say that the wheat pit bolls were drier

I 2



546 PROCEEDINGS OF THE TIIIflD ENTOMOLOGICAL MEETING

and so larvae would be less likely to leave the bolls to pupate, because

as a matter of fact I rather think the soil under the wheat was moister

than it should have been on account of seepage from a near-by canal

through which water was run fairly frequently to irrigate other crops.

Unfortunately this point was overlooked at the time when the pits were

dug, the land then being uncropped.

" I should have expected the smallest number of live larvae from

bolls buried in Plot I under hersim as, owing to the large amount of water

necessary for the growth of this crop, the ground is always moist, not

to say wet, even at 5 cm. depth during the winter and spring. However^

whether the effect of these conditions was to cause the larvae to leave

the bolls in greater numbers in order to pupate or whether they died

in larger numbers owing to the damp surroundings rendering them less

resistant to diseases, I do not know—the old trouble of the fate of the

" missing " larvae again. I am in favour of the first explanation. It

is curious however that the fewest pupae and empty pupa cases were

found in the pits under bershn and most in the wheat-pit bolls—the

reverse of what I should have anticipated. But I do not attach much
importance to the figures for pupation ; to begin with, it is probably

only a small minority of larvae which pupate in the soil, and also the

moister the soil is the more difficult it is to see pupae and especially empty

pupa cases when digging into the soil—it would have been better had

the soil been sifted.

" The small number of larvae in the bolls buried at 15 cm. and 20'

cm. depth I also account for by the much moister conditions causing

the larvae to leave these bolls more readily than those under the drier

surroundings prevailing in the 5 cm. and 10 cm. pits.

" Please make any use of this letter you like—if you think anything

in it is of sufficient interest. You will not mind, I am sure, my saying

that I must reserve the right to also publish the figures in the Society's

publications, should my Chief wish to do so.

" I much regret that I am unable to give you more information on

the points you mentioned in your letter, but I have been working on

insects feeding on the graminaceous crops during the past two years

and have had little time to give to the Pink Bollworm.

" As you know no doubt, we have Chilo simplex here and I think

Egypt is saved from very serious loss from this insect (which I think

may be from 6-8 brooded) by a minute egg parasite. I will send you

specimens of the latter and perhaps you would be so kind as to

compare it with your Chilo egg parasite and see if it is the same."
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Mr. Willcocks' paper and letter answer the question asked just Mr. Fletcher.

now by Mr. Burt regarding the survival of Pink Bollworm larvse in

bolls which drop ofE and remain in the field. Of course, these results

have been obtained in Egypt and require checking in India, but the

conditions are very similar and I have little doubt but that the larvse

do survive, probably over more than one year in many cases, in India

also.

I should like to say how much we feel indebted to Mr. Willcocks

for sending us this very complete information and also to Dr. Gough
for coming here from Egypt and telling us all about their cotton pests.

It would perhaps be out of place for us to pass a formal vote of thanks

to the Ministry of Agriculture of His Majesty the Sultan of Egypt for

sending Dr. Gough to India to attend our Meeting, but I propose to

ask the Government of India to thank the Egyptian Government for

sending an official delegate in the person of Dr. Gough, We hope

that this is not the last Meeting at which we shall see a representative

from Egypt.

I wish to thank Mr. Fletcher for all that he has said. I have learnt Dr. Qongh.

a good deal at this Meeting and the Egyptian Government has got good

value for its money.

20.—SOME PESTS OF COTTON IN NORTH BIHAR.

By C. S. MiSRA, B.A., First Assistant to the Imjierial Entomologist.

We first devoted ourselves to the study of tKe cotton pests in 1906

when a greater portion of the cotton crop was damaged by the boll-

worms, Farias fabia and E. insidana, in the Punjab. Subsequently

when there was a partial failure of the cotton crop in Sind in 1907

and I was deputed by the Imperial Entomologist to make investigations

regarding the incidence of the bollworm attack, the percentage of

parasitization, etc., at the instance of the Bombay Government, the

importance of a detailed study of the cotton pests was fully brought

to the fore. For a few years subsequent to these preliminary investi-

gatioift we devoted ourselves to the study of the parasites and had
some cotton grown at Pusa to allow the parasites to breed and to

distribute them to such places, especially the Punjab, when required

to do so. Prior to these investigations, some experiments regarding

the suitability of cotton as a field crop in North Bihar to make up the

loss caused by the low prices of indigo due to the introduction of

synthetic colours were carried out by the Imperial Agriculturist, Pusa.

In these experiments the varieties of tree cottons, as well as exotics,
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figured largely and it was found ultimately that cotton as a field crop

was not expected to yield financially under the peculiar chmatic condi-

tions prevailing in Bihar, where the heavy rains during the growing

season were found to retard the growth of the plants so much that they

became stunted and sickly in growth. In consequence of this, the

flowering as well as the boiling periods were considerably lengthened

with the result that the Hnt in the open bolls was spoiled by the winter

rains. It was then found that, along with the climatic conditions, the

insect pests damaged the crop considerably and reduced the outturn

so much that it was not at all found profitable to grow it. In the^

beginning, when the plants were hardly six to eight inches high, ground

grasshoppers, Chrotogonus spp., appeared in enormous numbers and

cut away the tops of the tender plants. In one year these were so

plentiful that in some plots three to four sowings had to be done before

germination could be secured. Later on, when the plants were a foot

high, large numbers of Sylepta derogata caterpillars appeared in large

numbers and damaged the crop considerably. Along with these

appeared the shoot-weevil, Alcides leopardus, and the stem-weevil,

Pempheres qffinis. The last was so severe, especially in the tree cottons

and other broad-leaved exotics, that almost all the plants were affected

and showed gall-like swellings on the stems. In some varieties these

gall-like swellings weakened the plants so much that they broke in two

with the first sharp storm of wind and rain. We tried several measures

to circumvent the pest but to no purpose. Removal of the affected

plants left very few plants in the plots to make the crop a success.

Broach desJii was sown as a trap crop between rows of tree cottons and

broad-leaved exotics but to no purpose. A series of plants was painted

with various deterrent mixtures but all to no purpose. The cost of

these was found to outweigh the profits. While these were present,

the leaf-hoppers, Empoasca notata, appeared in enormous swarms sucking

away the sap which would have gone to mature the plants. The leaves

curled badly, became pale and seared and dropped off prematurely.

The bollworms too did not fail to put in their appearance and com-

pleted the cycle by contributing their own share. The Red Cotton

Bug, Bysdercus cingulatus, and the dusky cotton bug, Oxycarenus icetus,

spoiled whatever little lint was left on the cotton plant. (Plate 93.)

Such was the history of the cotton crop in its initial stage of intro-

duction in North Bihar and the consensus of opinion was that the crop

could under no circumstances be said to be a profitable one in the parti-

cular tract under the peculiar climatic conditions prevailing there.-

But with us the crop had a different function to perform. We had to-

grow it for carrying on the bollworms, Earias fabia, E. insulana and
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Platyedra [PectincpJiora) goisypieUa, from generation to generation to

allow the parasites to breed and to send these if required either to the

Punjab or the North-West Frontier Province as the necessity arose.

Now that we have been growing cotton for the last 14 years, we have
come to the conclusion that the experiments are considerably hampered
by the presence of such insidious pests as :

—

Pseudococcus corymbatus, Green.

Phenacoccus Jiirsutus, Green.

Pseudococcus virgatus, Ckll.

Machcerota planitice.

Saissetia nigra.

Eriophyes s^. {possibly gossypii). •
'•

Of these, the mealy-bugs have been especially troublesome, due nO'

doubt to our allowing the cotton crwp to remain on the ground
uninterruptedly throughout the year. As a part of our investigations

regarding the parasitization of the Bollworms, Earias fabia, E. insulana

and P. gossypiella, throughout the year, the plants have to remain on
the ground and as such the mealy-bugs have run their course uninter-

ruptedly with the result that during the present season the plants became
so heavily infested that in some varieties they were denuded of their

leaves and appeared white with the cretaceous white flocculent mass
of the female ovisacs especially of Pseudococcus corymbatus and Phena-

coccus Jiirsutus. On some plants the females congregated in such large

numbers that their ovisacs coalesced and the shoots, the branches and
the stems appeared white at a distance (see photograph). This white-

ness was very prominent on the affected plants until a week ago, but

now has been washed ofE by the recent rains. The curled topshoots

are still present on the plants (2nd February 1919) and in some varieties

there has been so much drain of the plant food that the plants have
become gnarled and stunted with hard compact top-shoots and a
minimum of leafage on them. Such plants have failed to put forth

flowers and bolls and in consequence we got very few bolls this

season to continue our weekly cotton countings for the bollworms

and their parasites. Of these mealy-bugs Pseudococcus corymbatus

and Phenacoccus hirsutus are the worst. Both appear together on the

cotton top-shoots and one who has not worked at them closely will

find ' it dijB&cult, if not impossible, to differentiate the species. But
with practice the task becomes fairly easy. The females and eggs of

Pseudococcus corymbatus are dark castaneous, whilst those of Phena-
coccus hirsutus are bright pink. The former has been found by me
to occur on cotton and soy bean at Pusa, the latter has been found on
Morus spp. and cotton. Pseudococcus virgatus (Plate 94, fig. 1) occurs
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with these both on Morus spp. and cotton and can readily be distin-

guished from P. coryynhatus and Phenacoccus hirsutus in being

pale-white. All the three mealy-bugs appear together on the cotton

top-shoots. They can be differentiated easily thus :

—

Pseu dococcus corym ba tus. Phenacoccus hirsutus.

JS'j/c/s.—Round, cylindrical,

flattened at both ends,

dark castaneous, fully

covered over with fine

cretaceous white floc-

culent material forming

the female ovisac.

Nymphs.—Deep chocolate,

dorsum covered thinly

with a whitish meal.

Females.—Dark castane-

ous. completely covered

with sticky cretaceous

white ovisac also con-

taining chocolate brown
eggs. The female if

removed from the ovisac

is covered thinly with

whitish meal.

Pseudococcus virgatus.

Eggs.—Round, cylindrical,

flattened at both ends,

bright jjink lying close

to each other witliin the

female ovisac made up
of thin, cretaceous white
cottony threads. The
flocculent material is

not so sticky as that of

P. corymbatus and the

eggs could be seen dis-

tinctly within the ovi-

sac with a hand lens

magnifying 10 diameters.

Nymph.—Bright pink, dor-

sum covered with a thin

whitish meal.

Females.—Bright pink, to

darkpink, cretaceous

white cottony ovisac

completely covering the

female with eggs which
too are bright pink. The
flocculent whitish mate-
rial of the ovisac con-

sists of cottony threads

which are not so sticky

as in P. corymbatus.

Eggs.—Round, cylindrical,

flattened at both ends,
few, bigger than those of

P. corymbatus or P. hirsu-

tus. Pale yellow. Very
thinly covered with a
few white cottony
threads.

Nymph.—Pale j-ellow, with
two stout, cretaceous
threads at pygidial end.

Females.—Vale yellow to
dusky yellow at period of
gestation, eggs are also
pale yellow, fewer in

number than those of P.
corymbatus of P. hirsu-

tus. Ovisac does not
cover up the female as
well as tlie eggs. The
gravid female has two
stout caudal threads at
anal lobes. The whitish
cottony threads forming
the ovisac are few and
lie loosely below and
laterally of the female
while laying eggs.

The above description is from specimens not treated with KOH.

If these are, however, treated in KOH 10 jper cent, over a spirit lamp

or a laboratory gas-burner, the reactions are very prominent and

characteristic.

Pseudococcus corymbatus. Turns deep blackish green or practically

black, then deep green, light green, finally clears up after a brisk boil

of 7 to 10 minutes. Even then in some cases the visceral contents are

not easily ejected. These take a much longer time to clear up.
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Fig. 1.—Psei(dococcus virgatus on cotton ; Pusa ; 14th
April 1918. The same species is also found on mulberry.
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PLATE 94.
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Fig. 2.— rs('U(loroeeAifi corywhatus. Green ; 1, pygidial end of female, much

enlarged ; 2, posterior leg of female 133 ; 3, antenna of newly hatched larva 67 ; 4,

nymoh immediately after hatching 133. (Note presence of lingula.)
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Pseudococcus virgatus. The female when treated with KOH 10 'per

cent, turns light brown and begins to clear up 3-4 minutes after boiling.

Phenacoccus hirsutus. When treated with KOH 10 per cent, turns

b)right pink and begins to clear up after 3-4 minutes.

In prepared and mounted specimens the three species may be

separated first by their antennae and then by their pygidial ends.

The antennae in Pseudococcus corymhatus are 7-jointed, whilst in Phena-

coccus hirsutus they are 9-jointed. The anal lobes on the pygidial ends

are also important characters to differentiate with.

On the cotton plant the three species of mealy-bugs occur together.

But for the last two years we have had much to do with P. corymhatus

and P. 'hirsutus. Both occur together on the cotton top-shoots and

in some cases their ovisacs are so closed together that they form a whitish

patch 10 to 15 mm. long. When several hundreds of these are present

together on the stems and top-shoots these appear white from, a distance

as seen in the photographs above. The effect is that the top-shoots

become hard and compact and the growth of the plants is retarded

considerably, with the result that the flowering as well as the boiling

periods are delayed and a minimum number of bolls is put forth. These

too are not well developed and a good percentage of them falls off with

the least shaking of plants and I think a majority of them become

affected with the internal Boll disease so much heard of in the West

Indies. No doubt a counting of these windfalls has shown us that a

good percentage of them is more or less affected by the bollworms.

Pseudococcus corymhatus (Plate 94, fig.. 2, and Plate 95). The eggs

lie touching each other within the female ovisac. Each egg is from -32

to -36 mm. long and "15 to -18 mm. broad, cylindrical, rounded at both

ends, somewhat broad in the middle, dark castaneous. The chorion

covered with a fine whitish meal. When fully matured, one end

becomes translucent under the microscope (aaxb Zeiss) and the

fully matured nymph can be seen within. When the nymph hatches

a slit opens towards the end suffused with dark chocolate and the

nymph comes out, leaving the empty eggshell in the female ovisac.

These appear, as pale white shrivelled pellicles interspersed freely

in the female ovisacs and appear distinctly under the microscope in

contrast with the chocolate brown eggs and the whitish threads of

the ovisac.

After hatching the nymph moves about in search of food and as

soon as it comes upon a succulent place it fixes itself and begins to feed.

In the majority of cases observed the nymphs congregated together

on the leaf-stalks and the stems of shoots. They are gregarious in

habit and a number of them may be seen together on the leaf-sfcalks
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and stems—especially the apical ones. In this case I did not find ants'

attending upon the nymphs to lick the honey-dew as has been seen in

the case of Phenacoccus hirsutus on cotton. The male nymphs prior

to pupation generally remain under a thin whitish floss near the midribs

of leaves at the curled lateral portions of leaves. The female nymphs

remain feeding and developing near the nymphs, but these are found

mostly on the apical shoots. A thin whitish meal covers the dorsum'

of the female, and appears laterally as well. This is an index that the

nymphs have matured into females which are about to lay eggs, which-

He close together within the ovisac. In one case a female was observed

to lay eggs in a thin line where each egg appeared like a bead. Some

time after the same female was observed to have ceased laying eggs.

On examination on the 27th January 1919, it was found to have been

parasitized by a Chalcidid and on dissection the pupa of the Chalcidid

parasite was found near the mentum. This showed that the internal

Chalcidid parasite hibernates during the winter within the body of its

host, the female.

The nymphs as a rule are dark castaneous and as such may easily

be distinguished from those of P. hirsutus which are bright pink or

from those of P. virgatus which are pale-yellow. On some cotton top-

shoots the three species of nymphs may be seen feeding together but

with the above test they can easily be differentiated. In fact, while

I was working out the life-history of P. hirsutus causing Tukra disease

in mulberry, it was a common sight to see the nymphs of P. hirsutus

and P. virgatus feeding together on the same shoots and I used to

separate them with the colour test alone and thus could isolate the

species for specific observations. Like the females, the nymphs too

are parasitized by three species of Chalcididse. The parasitized nymph*
swell up and turn into round cylindrical bodies with both ends flat-

tened. The parasitized nymphs thus become very conspicuous and may
then easily be separated under a dissecting microscope from other healthy

nymphs. The parasite emerges by pushing out the flattened end at one

side, leaving the dead host either on the shoots or near the eggs within

the ovisacs. A healthy nymph is dull chocolate brown or dark

castaneous, with legs and antennae stramineous. The dorsum is covered

with a thin whitish meal and the abdomen is distinctly segmented

dorsally. Setae to anal lobes concolorous with legs and antennae, with

a pair of stout, whitish threads on the pygidial cleft. This description

appHes to a nymph just out of the eggshell and not treated with

caustic potash. The adult female (not treated with caustic potash) is

broad and flat, dark castaneous, with the dorsum covered with a thin

whitish meal. Legs and rostral setae yellow, castaneous.
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PLATE 95.

Fig. ^.— Fsciidococcus corijmbatvs, Green, on cotton ;
Pusa, January 1919.

Fig. 2.-Fseudococcus corymhatus, Green, on cotton ;
Pusa, January 1919.
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When cleared with KOH and mounted in Balsam, it appears

ovoid with the antennae, legs, mentum, rostral setae, and the anal lobes

distinct.

The male puparium lies on the shoots near the eggmasses of females

or away on the curled leaves. It is covered with a thin whitish floss

and is very much Uke the male puparium of P. hirsutus excepting that

it is dark-brown in colour v>^ith the antennae addressed fronto-laterally.

The male is a fragile castaneous brown insect with a pair of broad

mealy wings. Its antennae and legs are Ught stramineous. They
emerge in numbers from August to end of October. The winter is

passed in the egg and nymphal stages though females are also to be

seen, but the majority of them lie quiescent after having laid the eggs.

This year I found a full-developed male lying by the side of empty eggs

on the 27th January 1919. The male had fully developed wings and

a pair of anal cretaceous white threads and would possibly have

emerged had not the temperature gone down. At the time of writing

this note (5th February 1919), it is lying by the side of a female ovisac

from which the eggs are emerging in large numbers.

The nymphs and the gravid females, as well as those which have

laid eggs, are parasitized by three species of Chalcididae. As already

stated above, the parasitized nymph turns deep black-brown in colour

and swells up into a miniature cylinder with both the ends flattened.

When the adult parasite emerges it pushes out the cap over one end

and escapes. A parasitized female ceases to lay eggs and if parasitized

when the egg-laying has not been completed the mass of eggs remains

uncovered with the whitish cottony threads forming the female ovisace.

I have not up till now found any parasites either on the eggs or the-

adults. Numbers of Scymnus nubilans grubs may be seen present in the

midst of eggmasses and burrowing below these to reach the female. The
grubs have not hitherto been seen devouring the eggs although a few

eggs may be seen lying spoiled here and there. The Scymnus grubs

have been noticed to exhibit an especial Hking for the females whom
they try to reach by burrowing inside or through the eggmasses even.

In one case an eggmass showed no presence of a Scymnus grub within,

but when it was opened up a Scymnus grub was found within burrowing

through the eggs to reach the female (13th August 1918). From August
to October a number of adult Scymnus nubilans was seen on the leaves

as well as on affected cotton shoots and this period represents the

maximum activity of the cotton mealy-bug P. corymhatus. During

the last season, 1918-19, it was found that P. corymhatus was present

in large numbers on the cotton and on soy beans and the number of

P. hirsutus was less. But by the beginning of November the majority
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of the nymphs and females of the former were parasitized and an

examination o| the affected cotton shoots in the middle and end of

December showed that P. hirsutus was present in larger numbers than

P. corymbatus. The three species of Chalcididae found to parasitize

P. hirsutus are probably the same which parasitize P. corymbatus, but

in the absence of specific determination I am chary of confirming this

view. The identification of Indian Chalcididse is a tedious business

and we have to wait for long months or even years to get the identifica-

tion of a hmited number of specimens even. I hope to send these

specimens out for identification soon and on receipt of identifications

will communicate them to you if desired.

A Cecidomyiad* has also been found to prey upon the nymphs and

. adults of this species. The predaceous maggot, which is pale-yellow,

pointed at one end and bluntly rounded at the other, may be seen within

or near the eggmasses. I have seen these maggots attacking and sucking

dry the nymphs and gravid females as well as those that have finished

laying eggs. In this case I have not as yet seen the predaceous maggots

sucking dry the eggs whose empty eggshells lie stuck upon the ovisac--

floss, though I have seen them attacking the eggs of P. hirsutus. It

is just possible that this observation has escaped me though they might

be attacking the eggs as well. The maggot when full-fed pupated in

situ and the adult fly emerged leaving the empty puparium stuck up
in the cottony floss of the female ovisac. An examination of a large

number of ovisacs under the microscope revealed the presence of 3 to

as many as 7 empty pale-yellow cocoons of the predaceous Cecidomyiad

lying bolt upright with prominent frontal sutures on them through

which the adult flies had escaped. These cocoons on account of their

pale-yellow colour are seen in good contrast against the whitish back-

ground formed by the coalescence of two, three or even more ovisacs

of the female mealy-bug. This Cecidomyiad fly is the same as the

one that preys upon the eggs, nymphs and females of P. hirsutus causing

Tnkra disease of mulberry plants and the fact has already been referred

to by me under a separate paper on " Tuhra disease of Mulberry " read

. at this Meeting.

Besides the Chalcididse and Cecidomyiad fly parasites and preda-

tors on the cotton mealy-bug, Eublemma quadrilineata has been

also found predacious on the mealy-bug. The caterpillars have

been seen to clear off whole colonies of them on the shoots, but their

appearance is very spasmodic and cannot be relied upon to be used

as agents of destruction of the cotton mealy-bug. The very same

* Since named by Professor E. P. Felt as Diadiplosis indica, n. sp.

—

Editor
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Species, Euhlemma quadrilineata, has been seen to clear off colonies

of P. hirsutus on mulberry shoots, but they appear late when the majority

of the damage has been done.

During August-September-October 1912, and again during October-

last year, a large number of Drosophilids, Gitonides perspicax, Knab.,

was seen on cotton shoots affected by P. conjmhatus and P. hirsutus..

Hitherto I have seen only the puparia of the fly lying in large numbers
within, near and under the whitish felted material formed by a number
of females having congregated together to feed and to lay eggs. The-

literature so far available for reference shows that Drosophilid flies

are not parasitic in habit. They are attracted either by the secretions

of insects or by the special aroma wafted from plants infested with

plant lice and scale insects.* But in this case I have reasons to believe,

though I am not as yet certain, that the flies are predaceous on the

female mealy-bugs. I shall avail myself of the next opportunity of

confirming the above opinion. In the majority of cases examined
the empty puparia of the fly have been seen in large numbers lying

close to or below the female mealy-bug in such a position as to show
that the fly must have affected the female adversely. In- some cases

the puparia were found with a portion of the cuticle of the female mealy-

bug adhering close to them (Plate 96, fig. 1). However, it is only

future observations that, will clear up this point. In August 1912

and again late in December 1918, a large number of flies was seen

to emerge from cages containing affected cotton shoots. I have

hitherto found the fly on affected cotton shoots and in one-

instance bred it from mulberry shoots affected by P. hirsutus.

Besides these, a large number of Anthocorid nymphs are found

on shoots infested by the mealy-bug and it is possible that they

are predaceous on both the cotton Aphis and the nymphs of P.

corymbatus. In one instance a pupa of a Hemerobiid, Notiobiella sp.,

was found on a cotton shoot heavily infested with P. hirsutus and P.

corymbatus, and on the 29th January last, the adult emerged. The
pupa was lying embedded in the whitish felted material forming the

ovisac of females of the two species of mealy-bugs. As no more nymphs

* Note.—After this note was read on the 8th February 1919 my attention was drawn
to an article in the Bulletin of Entomological Research, Vol. IX, part 2, pp. 157-162,

figs. 1-4, September 1918, where Mr. C. G. Lamb had described Drosophila paradoxa as

being parasitic on a Cercopid of the genus Clastoptera. On a further reference to past

Literature it was found that the late Mr. Frederick Knab had described Gitonides 2>erspi-

cax as parasitic on Pseudococcus on sugarcane, Honolulu (Hawaii), on Pscudococcus

common on shrubs and trees, Manila, Plulippine Islands, also on a Pseudococcus, Phihp-

pine Islands. He recorded the distribution for the species from Honolulu (Hawaii)
,

Mpjiila (Pliilippine Islands) and Pusa (India). The latter specimens were sent to him
from a Coccid on cotton shoots.

Drosophilidse with parasitic larvse-F. Knab.
Insecuior Inscitioe Menstruus, Vol. 11, No. 11, November 1914, pp, 166-167,
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or adults have been found, it cannot be said tbat the Hemerobiid was

truly predaceous. But I mention the case for what it is worth. It

is possible that further observations would elucidate the role played

hj the Hemerobiid in a colony of mealy-bugs on cotton shoots.

The next pest to cotton is Machcerota planitice. (Dist., F. I. Rhyn.,

IV, p. 84), It is recorded from Pusa, Chin Hills, Burma, and Distant

records it from Pusa, Muzaffarpur, Igatpuri. It is specially bad on

tree cottons and on cotton allowed to remain on the ground for the

continuance of experimental work or for rearing parasites on the cotton

bollworms, E. fabia, E. insulana and P. gossypiella. It is specially bad

from April to December when a large number of whitish calcareous

tubes may be seen attached to the stems and shoots of cotton. In

some years when P. corymbatus and P. Mrsutus are present in large

numbers, this tube-making Cercopid seems to be specially abundant.

The pests combine together to undermine the vitality of the cotton

plant to such an extent that it fails to put forth the normal number of

flowers and bolls. In particular years, as was the case in 1907, 1912,

1916 and 1917, innumerable tubes were to be seen on the cotton shoots

with the effect that these curled up and the leaves were shed. During

1910 it was the case that a few varieties of tree cottons obtained from

Bengal were so heavily affected by the Cercopid that the plants had

to be removed. From my past experience of the cotton plant at Pusa

for the last 14 years, I have found that the Cercopid is at times not to

be neglected. In sowings of a great many varieties of cotton for experi-

mental work against the cotton bollworms, it has been found that some

varieties are more amenable to attack than the others. Some of the

varieties were so heavily infested that they had to be removed from

the plots. On such plants the wiry, dirtj'--white calcareous tubes were

found in numbers on the top shoots, stems, axils of stems and even

inidribs of leaves. Several such tubes were to be seen close together

either on the top shoots or the stems. (Plate 98, fig. 2, and Plate 97.)

The pest was observed for the first time during 1907 and it was

mentioned by Mr. H. Maxwell-Lefroy in Indian Insect Life, p. 733, from

unfinished observations made by me. Professor J. 0. Westwood had

already drawn attention to Machcerota guttigera from Ceylon, (Notice

of a tube-making Homopterous insect from Ceylon, Prof. J. 0. Westwood,

Tmns. Ent. Soc. 1886, pp. 329-333, plate VIII, figs. 1—15) and

there are two other species of Machcerota which make calcareous tubes

on Aegle marmelos and Phyllanthus emhlica. The one that makes
calcareous tubes on Zizyphus jujuba is identical with Machcerota planitice,

but there seems to be some difference in the colour, shape and size of

the tubes on Z. jujuba. The genus requires working through when
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Fig. 1.—Puparium of GitonUJes persjncax.

Fig. 2.—M(((Ji(erot(ili)Utniti(e cn cotton ; Ftsa ; 27th April 1915.
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Fig. 1.—Aligarh yellow-flowered cotton badly infested by Pseudoeoccus
vit'fjatiis and Machferota planitioi ; Pusa, 8th February 1318.

Fig. 2.—American upland cotton badly infested by Pseudococras vivgatus and

Machcerota planitice ; Pusa, 8th February 1918.
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•differences in structure of calcareous tubes, their colour variations,

their composition and object in the nympbal stages of the insect, as

well as the morphological differences in the shape, colour and size of

^he pronptal spine can be placed in their proper perspective, and I hope

to revert to this subject later on, when I am in a position to draw con-

clusions from observations made through a series of years.

The adults are very common on the cotton plants from April to

October, During the winter I have seen eggs and nymphs within

tubes on the plants. Adults are not seen from the middle of December

until the middle of February at Pusa. The eggs are laid in the tissues

of the plant, on the shoots, soft portions of stems, calyces of flowers,

leaf stalks, midribs of leaves and even flower buds. The eggs are either

laid singly or in twos or threes but not in masses together. The eggs

he embedded in the tissues of plant. Each egg is about 1 mm. long,

dirty-white in colour. The end which lies embedded in the. tissues of

the plant is pointed, the other is obliquely truncate with a membranous
dark-grey cap over it. As the egg matures the membranous cap over

the truncate end turns darker and darker in colour until it becomes

shiny black prior to the emergence of the nymph. The nymph when
about to come out forces out the cap which remains attached to the

edge of the eggshell. Towards the pointed end of the egg which lies

embedded in the tissues of the plant there is an oblique spine, about as

long as the eggshell. The function of the spine is not well understood
;

it is possibly to secure fixity of the eggs in the plants. The nymph on

hatching wanders about for some time, when it fixes itself on a succulent

portion of the stem, the leaf-stalk, the shoot and even the midrib of a

leaf. Its rostrum is short and pointed. It begins to suck the juice and

exude a clear liquid in bubbles which completely surround it. More

liquid is exuded until the nymph is covered completely by the froth

which on exposure to the air coagulates and the nymph may be seen

working it into a thin case round its abdominal segments which are so

retractable that they may be seen distinctly expanding and retracting,

shaping the semi-plastic material. More liquid is exuded, it is allowed

to coagulate and worked up to extend the tube. This goes on until the

tube is ready. The abdominal segments of the nymph are so retract-

able that it is able to exsert them to the entire length of the tube. If

however, the nymph is disturbed at the time of making the tube, it

leaves its old place, moves about, settles down to feed and to exude

a clear liquid in bubbles which coagulates and is worked up into a case

to cover the nymph. In some cases the tube j ust as it was finished by

the nymph was removed to see if it would make a fresh one instead.

It' was found that the nymph again began exuding a clear liquid, which
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as before was again worked upr into a tube. In some cases when the-

nymphs were removed from their tubal habitations some were observed

to re-tenant them whilst others failed to do so and died. In one case

a nymph taken out of its tube on 30th May 1912 was able to make

another tube 4-5 mm. long by 10-15 a.m. on the 2nd June 1912. The

body of the nymph has a shiny coating round it and if exposed for a long

time it hardens and the nymph is unable to move about. When the

tube is finished, the nymph moves up, fixes itself on the stem within the

tube and begins exuding a thin clear liquid which after accumulating

at the mouth of the tubes falls on the leaves below in droplets. On

hatching, the nymph is 2-5 mm. long with head and legs dark fuscous,

abdomen pale yellow to brown, the abdominal segments freely teles-

copic into each other. As the nymph remains ensconced within the

calcareous tube its further developments as well as moults cannot be

observed. Nineteen days after hatching, if a nymph be taken out of

the tube, its head will be somewhat anteriorly pointed, posteriorly broad,

dark fuscous ; eyes prominent deep ferruginous ; rostrum thick

and stout, reaching the anterior legs, dark piceous ; the thorax is con-

tracted, with a shiny, black cap over it ; .the abdomen is pale-brown

with the segments telescoping into each other easily ; the penultimate

as well as the anal segments constructed together forming a tube through

which the viscid liquid is exuded. The nymph when about to moult

for the last time comes out of the tube and walks up the mouth of the

tube for a millimetre or two. It then exudes a clear liquid which settles

round the intermediate and the posterior legs. On exposure to the

air the liquid thickens and thus holds the legs in position. A longi-

tudinal slit opens dorsally from the vertex of the head to the base of

the metathorax and the head comes out. A little jerking sideways

brings out the anterior legs and with some further jerking from side to

side, the imago comes out clear of the exuvium. It is then grey with

light piceous eyes. Fifteen minutes after, the colour changes rapidly

and the imago moves about. The exuvium remains attached to the

mouth of the tube as seen in figure 6, plate LXXIX, Indian Insect

Life, fa;ing page 732. The female is more robust than the male and

has a strong ovipositor. In the majority of cases the adults were seen

to emerge in larger numbers in the mornings than at any other part of the

day.

Here I would not go into the morphology of the pronotal spine, as

well as the presence of the accessory tube to the main nympiial calcare-

ous tube. These I reserve to speak on some future occasion.

Up to this time I have found neither any parasite on the eggs,

nymphs or adults nor any predator which can be said to check the pest
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from increasing unduly. Besides cotton, I have seen the tubes with

adults on Hibiscus paudunformis at Pusa when the crop was being

tried as a fibre crop. The tubes as well as the habits of the nymphs

correspond with those found on Zizyphus jiijuba. In particular years

and on some varieties of cotton this pest is really very serious and does

more damage than either Sylepta derogata or other leaf-eating cater-

pillars put together. During 1912, a complete cycle was found to last

for 40-41 days thu ; :—

Eggs laid 21st April 1912.

Eggs hatched .... 28th April 1912.

Adults emerged . . .31st May 1912 to 1st June 1«12— 10-li
days.

Next to the three mealy-bugs, P. hirsutus, P. corymhatus and P.

virgatus, and Maclicerota planiticB, the cotton Eriopkyes (probably

Eriophyes gossypii ?) has been found in certain years to retard the

growth of the plants considerably. Prior to 1914, stray specimens

were found on the leaves of certain varieties of plants. But in 1915

and again in 1916 the pest was found to have extended its range and

to be more or less present on all the short-leaved varieties of cotton.

At first it appears as a small whitish spot on the leaves, which increases

with the subsequent curHng of the leaves. It has been found bad on

certain varieties of cotton, especially those obtained from the Bombay
Presidency. As varieties of cotton from the United Provinces such

as Aligarh Vvdiite and Aligarh yellow were sown close to those of Bombay,
these in turn again became heavily infested and in consequence some of

the worst infested plants had to be removed from time to time and

burned. At first if the tiny silvery or brownish spots are examined

under the microscope, the adults will be seen as tiny little whitish mites

with body distinctly transversely ringed moving freely about the proli-

feration of the leaf-tissues caused by them. Soon after the whitish

patch extends until a greater portion of the leaf-surface becomes affected.

The leaf then becomes hard and crisp and the adult mites move
on to fresh leaves leaving behind them a few adults in their old tene-

ments to extend the colonies. The eggs are whitish, ovoid, and very

large for the size of the. mite. When several leaves are affected,

especially the top leaves, they become hard and compact. The plant

is considerably thrown back in growth and is not able to recoup its

lost vitaHty. If an infested cotton leaf be examined under a high

power under the microscope, innumerable tmj whitish elongate cylin-

drical bodies will b 3 seen either moving about freely or lying either

upright or at an angle against the plane of the leaf. The mites

were found to congregate on the leaves , a the top sVoots whi(?h

VOL. II K
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became compact. They were also found on other leaves as well, such

leaves either curhng over at the sides or crumpling badly. As the

plants were not to be treated so as not to disturb the normal

conditions prevailing in the cultivators' field, the pest got well

established and damaged the crop to a great extent, so much so,

that even the bolls became affected, shrivelled up and fell down.

The mite in conjunction with the three mealy-bugs referred to above

and MacJicerota planiticB, vitiated some of our experiments a good deal.

As spraying either with soap and flowers of sulphur or resin fish-oil

soap and sulphur was out of . the question, the worst affected plants

were pulled -out and burned. But this was a very drastic measure,

as with its wide and frequent application very few plants were

left in the experimental plots to continue the experiments against

the Bollworms. This year we have tried the fumigation of cotton

seed with CSg prior to sowing and there appears to be less whitish

mould or cotton EriojjJiyes on the plan s. But it is still to be seen

later on whether they remain such till the end of the season. The

mite has been reported from Bombay as well as Hansi in the Punjab.

The disease has also been reported from :

—

Surat
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and even now occasional plants are met. with wliich are very hea\'ily

infested by the black scale. The infested plant becomes conspicuous,

looks sickly and \\4thers away prematurely. Prompt removal of such

plants is necessary to secure safety of the other plants. This has also

been reported to occur on cotton at Coimbatore in South India.

In Madras we have four species of Coccids on cotton, but none of Mr. Ramakrishna

them is serious. Saissetia nigra attacks isolated plants and every plant
^y^^^*

thus attacked is killed. Last year (1918) ten plants in a patch were

attacked and parasites were found in all the Coccids. Pseudococcus

carynibatus is found not only on cotton but on jak also. On cotton it

occurs late, when the plants are left for another picking. (Ecojihylla

smaragdina is found attending this Coccid. A Pseudococcus also occurs

on cotton. Pidvinaria maxi?na is a bad pest of mm [Melia azadirachta]

trees in the South. The oiim is a valuable tree with us. Of late years

we find P. maxima occurring on cotton also.

Cerococcus liihisci also occurs at times on cotton in Madras. Mr. Fletcher,

In Mysore we get Saissetia nigra and Pidvinaria maxima. Mr. Kunhi Kannan

In Egypt we have a mealy-bug which has only appeared recently. Dr. Gough.

It attacks by preference Erythrina, mulberry, Hibiscus and cotton.

It has not been identified ; it gives a red colour to alcohol. It also

attacks many other plants, but it only seems to go through one or

two stages on these and does not attain to maturity on them. I want

to get parasites for this mealy-bug.

Is Oxycarenus bad on cotton in Egypt ? Mr. Robertson-

Brown.
Oxycarenus'^ is a very bad pest with us, and there is going to be a Dr. Gough.

special investigation regarding it. Jf it attacks garden hollyhock of

the European variety, the leaves curl up and budshedding occurs. Forty

fer cent, of the flowers fail to mature on account of the sucking of Oxy-

carenus. I believe that about eighty 'p^r cent, of the seeds of cotton

are rendered useless by this insect.

I-Avould like to know if anyone has any experience of Aj^his gossypii ?

We have found it very bad on Cambodia cotton. This ought to be Mr. Ramakrishna

grown as an annual plant but it is often grown as a perennial. Ayyar.

With us it acts in the edges of the fields and along road-sides. Dr. Gough.

Smooth-leaved and partially smooth-leaved varieties are attacked Mr. Burt,

more by this Aphis. It may be only a secondary agent.

The species referred to is presumably 0. hyalinipennis

.

—Editor.

k2
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21.—LIST OF THE PESTS OF FIBRE-YIELDING PLANTS
IN BURMA.

By K. D. Shroff, B. A., Entomohgicdl Assistant, Burma.

_

Pest
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21,—LIST OF THE PESTS OF FIBRE-YIELDING PLANTS
IN BJJRMA—contd.

Pest
Part of the plant

attacked
Remarks

Sfeal}' bugs

Mealy bugs

Alcides sp.

Zeuzera cojfece

Chafer grubs

1. Cotton—contd.

Juice (Su king) .
j

Not very serious

(Shoots)
j

Juice (Leaves and ' Not very serious,

small fruits).
[

i

Stem, branch . .; Not very serious.

Do.

Roots .

Found only once in exotic

cotton.

Once proved very serious in

the Sagaing district.
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22.—INDEX TO INDIAN FRUIT-PESTS.

Bij C. S. MiSRA, B.A., First Assistant to the Imperial Entomologist.

Alphabetical List of Fruit-trees quoted.

Almond (Country), (Terminalia cataiipa).

Averrhoa caramhola.

Apple (Pyrus mains).

Apricot.

Bael {^gle marmelos).

Ber (Zizyphus jtijul>a).

Berberry.

Cashew (Anacardium occidentale).

Carissa carandas (Karonda).

Cherry.

Cherramoya.

Chestnut.

Citrus spp. (orange, lemon, pomelo, etc.).

Coconut {Cocos imcifera).

Custard- apple.

Date F3\m(Phoenix sylvesiris) (Khajur).

Fig (Ficus carica).

Gooseberry {Physalis peruviana).

Greengage.

Guava (Psidium gvyava).

Grewia asiatica,

Jamun {Eugenia jambolana).

Jak {Artocarpus integrifol'a).

Loquat (Eriobotrya japotiica).

Litchi (Nephelium litchi).

Mango (Mangifera indica).

Melon {Cucumis melo).

Mulberry {Morus spp.).

Nectarine.

Olive.

Papaya {Carica papaya).

Peach {Primus persica).

Pear (Pyrus communis).

Phyllanthiis emblica.

PhOont {Cucumis trigonus).

Plantain {Musa sapientum).

Plum.

Pomegranate {Punica granatum).

Sapatu, or Alligator-pear {Achras sapof'i).

Strawberry.

Tamarind {Tamarindus indica).

Vine
(
Vitis spp.).

Walnut.

Water-melon {Citrullus vulgaris).

Water-nut (Trapa bispinosa).

Wood-apple {Feronia elephaiitum).

Almond (Country) {Terminalia cafappa).

Selepa (Plotheia) celt is

iletanaslria hyrtaca

Amhhjrrhiaus poricollis Boh.

Apodcrus tranquebaricus F.

Trabala rishiiu, Lef.

Acroccrcops supplex Meyr.

Acrocercops termiitalke, Stt.

S. I. I., pp. 409-10

S. I. I., pp. 335-

336, f. 193.

Hmpsn., F. I. I.,

421 422, f

.

293 ;

I. M. N. V. 107 ;

I. I. L., p. 498,

t. 46.

Stainton. T. E. S.

(3)1, 298-299, t.

10, f. 8 (1862).

Coimb a t o r e,

Chinglep u t,

Ganjam.

Pithap u r a m
(Godavari).

Chep a
(Madras).

India, Burma,
Pusa.

Cage Jfo. 1675,
Larva gregari-
ous, nibbling
epidermal layers
and Internal
tissue ; grown-
up caterpillars

biting leaves
from edge.

Larva, almond
leaves.

k
I

Twisting country
1 almond leaves.

Larva rnininc
leaves.

Larva mining
in leaves ; not a
pest.
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AverrJioa carambola (Vern., KammJc).

Diacrotrkka fmciola, Z. .
j

Larva bores into
!

flowers and des-

I

troys them.

Apple {Pyrus malus).

Leaves
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Apple [Pynis inaJus)—confd.

javc?— Gracillaria zachrysa Meyr.

:Oilt '.

Dasychira korsfieldi, Saund.

Brahmina coriacea, Hope

Ammala variirestis, Arr.

Anomala dimidkda Hope

Anomala Tiifivenlris, Redt.

AdoreliiSilavanceli,V,\.

Adord'ts fiorticola, Arr. .

Adorctus rersHtus, Har. .

Dereodus pollinosus, Redt.

Emperorrhiiius defoliator, Jlslill.

Mylloeenis Jl-pustidatus, Fst.

Beiraiol us sp. . . .

Haplosonyx trifasciatns

Prodenitt litura

Dasychira mendosa .

Proc. iiid Entl.
\
Parac h i n a r,

Meeting, p. 248.

B. J. XIII, 414

Abbotta b a d,

Peshawar,
Shilloug.

Pusa, 20th Sep-

C'havai ; Kulu,
Jeolikote.

Arrow, F. I. Rut.,
,

Shillonf; 23rd-
p. 156, t. 3, If.

I
26th June 1918

20-21. •

Arrow F. I. Rut. Chawai KaiiCTa
pp. 232-233.

I

Arrow F. I. Rutel.
;

Ditto
pp. 2.36-237.

I

Arrow F. I. Rut.
pp. 343-344

;

Euto. Xote 21.

Arrow F. I. RUt.
p. 344 ; E^fo.

F. I. Rutel. pp.
350-351 ; Ento.
Kote 20.

Mshll. F. I., Cure.
I., 121.

Mshll. F. I. Cure.
I., 236-287.

Mshll. F. I. Cure. Bangalore
I., 350-352.

( Unpublished Shillonsc, June-
July 1918.

Larva first mines
the leaves after-

wards ties up
the leav e s
gnawing the
green substance
on upper side
of leaf

;
young

leaves are des-
troyed in this
way. A decided
pest of apple.

Larva on leaves.
(One specimen
reared on apple
leaves.)

Defoliating by
night. Also on
pear tree.

Defoliating fruit
trees.

Adult damaging
fruit chiefly.

Adult defoliating
tree coming in
swarms at night,
no trace during
the day. Do a
great deal of da-
mage.

Damage by night.

Attacking wild
apples defoliat-

ing them.

Alternative food
Alnus nitida.

On leaves and
shoots.

Nibbling holes on
leave , doing
considerable da-
mage ; collec-

tion bv hand.

Ram g a r h ' Eats tips of fresh
United Pro-

i

apple leaf
vinces

|

gJ"owth.

Jeolikote, United
Provinces.
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Apple (Pyrus malus)—contd.

Leavos

—

cont '.
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Apricot.

Leaves Emperorrhiims defoliator, MshU. IMshll. F. I., Cure.
,

I, 286-287.

Ilimastra cyanea, Hope .

Chri/somelid {Gen.'' sp.') .

Lymantria olfuscata, W'lk.

Anomala polita, Blanch .

I. M. K, IV, 4,

Kulu

Jeolikotc; Samlili

(Murree Hills).

Solan, 7th

,

August 1915.
I (I. E. 568).

Hmpsn. F. I. I.. Kashmir
460-461.

j

Arrow F. I., Rut.. Jeolikotc
pp. 146-147, t. 2,

p. 24.

Alternative food
plant Alnvs ni-

tida.

Defoliating trees.

Attacks and
ruins loaves of
large apricot
trees.

Larva on leaves.

Adult on slioots
and on tree.

C'llica jncta, Baly

Bael {Aegle marmelos).

Pusa

Phyllocnistis citrdla

Papilio dcmoleus, L.

Myllocerus discolor .

Aspidiotiis orientalis

Amiilyrrhinus poricollis

CluvtodacHS zonatus, Saun
(persicK)

Argyroploce illcpida, But.

Eiizophera
Hmpsn.

plKnibeifasciella,

Proc. 2nd Ent.
Conf., 1917,
p. 215.

Se i.Hund. n tes

S. I. I., p. 465,
f. 341.

Proc. 2nd Ent.
Conf., 1917,
p. 215.

S. I. I., pp. 412-

413, t. 25.

Proc. 2nd Ent.
Conf., 1917,
p. 215.

Pro^. 2nd Ent.
Conf.. 1917,
p. 215.

Proc. 2nd Ent.
Conf., 1917,
p. 216.

Proc. 2nd Ent

.

Conf., 1917,
p. 219.

Bezzi. Bvdl. Ent.
Res. VII, 105-

106, 1916.

Proc. 2nd Ent

.

Conf., 1917,
p. 216.

S. I. I., pp. 449-
450, f. 327.

Tharrawady

Sibpur

Pusa.

Pusa ; S. India.

Plains of India,
Ceylon; Sural;
Pusa.

Proc. 2nd Ent.
Conf. 1917,
p. 230.
Hmpsn. F. I., IV,

1
Pusa, 4th March

73.
I

1914, 4th
January 1915,
Coimbatore.

Leaves and
shoots.

At Pusa larva
bores into leaf
petioles and
shoots ; adult
destroys leaves,
eating small
holes on them.

Larva
leaves.

mines

Scarcely a pest
Adult on leave-

Not a pest.

Ripe Bael fruit.

Reared from
fallen Bael
fruits.

Bores into the
fleshy portici>

of the fruit.

Larva in pulp of
fruit.
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Ber {Zizijphus jujuba).

Leaves .
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Ber {Zizyphus jnjtiba)—contd.

Tcmicus theophrastiis

Tawjmecus hispidus

Myllocerus sabulosus Mshll.

Myllocerus transmariiuis, Hbst.

Anarsia sagittaria, Meyr. .

Meridarchis scyrodes Bleyr.

Carpomyia vesuviana

Cumilionid (Gen.? sp.?) .

Arhela tetraonis, Mo.

Ccelostcnia scabrator, Fb.

Mshll. F. I. Cure.
I, 98, f. 24.

Mshll. F. I. Cure.
336-337.

Mshll. F. I. Cure.
I., 337-338, f. 102.

Me\T. Bom. Jour.
XXII, 774-775
(1914).

One Hund. Notes,
p. 28 ; Meyr.
Exot. Micro. "ll,

30 (1916).

Proc.. 2nd Ent.
Meeting, p. 11-

254, 1917.

S. I. I., pp. 453-

454, f. 41.

S.I. I., p. 325-326,
f. 181. Stebbing
Forest Inst..

Coleop., p. 358-

Pnsa, 10th June
1906, 6th Julv
1907.

Pusa

Do.

Do.

Do.

Adult on leaves.

Adult in some
numbers.

Adult on leaves.

Larva in top
shoots Jime-
July. Not a
pest.

Surat, NagpM,
|
Larva bores into

Pusa, Coimba- fruits,

tore.

Coim b a t r e,

Pusa, Poona,
Hadagalli.

Poona, Augt.
1915.

Poona, 1st Juno
1910.

Maggots in fruits.

Larva in fruits
called Ahmeda-
bad variety.
Attacked fruits
become round
berrylike. E. S.
K. 's letter of
25th September
1916.

Larva boring in
stems and
branches.

On Zizyp h u s

(It was not
stated on what
part of plant.)

Berberry.

Anomala dimidiata Hope. Arrow, F. I. Rut.,
pp. 232-233.

Chawai (Kangra) Appears during
June and July
every year

;

found on trees
in sunny places,
completely de-
foliating trees.

Cashew {Anacardium occidentah).

Cricula trifenestrata S. I. L, 405-406 I Damper parts I An occasional
of South India. pest.

Carissa carandas {Karonda).

Agaihia visenda

Nephele didyma

Pusa, 13th Mav
1914.

Larva on leaves.

Ditto.
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Cherry.

Leaves .
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Citrus spp.

Leaves
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Citrus spp. -conid.

Fruits-
coutl.

Ophideres fixllonica

lihynchocoris Iiumeralis, Thnu .

Virachola isocrates

Eeliothis obsolcta

Anthomyiad fly

CJuetodacus ferri(gineus

Chcetodacus caudatus

Vitellussp- (Pentatomid)

Hcliothis obsoleta, Fb.

Anthomyiad .

Proc. Sec. Ent.
t'onf. p. 212

;

Eutl. Note 64,

flgs. 11-12.

One Hnd. Notes,
p. 35, flg. 18

;

Fauna, Ind.
Rhvn. I, 212-213,
flg.'lSO.

Proc. Sec. Ent. Nagpur ; South
Conf.. 1917, p. India.

• 212. S. I.
-

pp. 416-417.

Pusa, Bombay

Myitk y i n a
(Upper Burma),

N

Arbela sp. probably quadrinotaia

Monohammiis versteegi Eits.

Gndtholea eburifera, Thorns.

Chelidonium cinctvm

Ditto

Proc. Sec. Ent.
Conf., Pusa, 1917,

p. 226. Bull.

Ent. Res. VII,
104.

Ditto

Annual Rept.
Dept. of Agri,
Madras, 1917-18,

p. 75.

ii. I. I., pp.
374, f . 235.

F.I. C'erani.,p. Ill

F. I. Ceram. p. 210

Peshawar

Nilgiris.

Myitkyina

Do.

Kurnul

Toong, Darji-

ling District.

Nagpur ; May
1914. Banga-
lore.

Haflong, Kho-
wang (Assam).

Moulm Bin;
Kyain (Karin
Hills).

mgalore

Larva on Tinos-
pora cordifolia.
Damages orange
fruit at Poona.
Attack's pomelo
fruits, attacked
fiuits fall down.

Occasional bor?r
in orange.

Catcrp i 1 1 a r s

gnawed the
fruits.

Pomelo.

Pomelo fruits

;

also in gourds.

Ripening oranges.

Larva boring
into fruits.

Larvse boring
into healthy
lime and orange
fruits. Possibly
this is the same
as the Tomato
fly (Proc. Sec.
Ent. Meeting, p.
178, 1917),
attacking rot
ting fruits.

Larva boring
• into green
orange branches
A serious pest
at Nagpur.

Lar\a boring
orange stem at
Haflong. Bor-
ing into pith of
young stems of
orange trees,
the leaves turn
yellow and the.
branch withers.

Larva boring
stems and
branches of
orange.

Larva boring
into or a n g e
branches.
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Citrus spp.

—

co7itd.

Roots

Sucking

Sucking

Stromatium barbatum, Fb.

Chlondolum alcmene, Thorns. .

Agrilus grisator

Arhela ietraonis

SatliroplujWw sp. (Phasgonurid)

Aittoserka sp. ...
Cdppoea taprobanensis

Rhtjnchocoris humeralis .

ChriisomphciTits (Aspidiotus)

ahrantii.

Chnj-somphalus aomdum (ficus) .

Aspidiotus Itttanim .

Saissetia {Lccanium) hemis-

phxrica.

AlmrocaMus (Aleyrodes) spini-

fera.

Binleurodes citri

Eiiphalerus citri

Toxoptera aiiraidii •

Laivana conspsrsa .

White fly (Species ?) • • •

Aniestiacruciata

F. I. Ceram., pp.
114-115. f. 45

;

Proc. 2nd Ent.
Conf., 1917 ; S. I.

I. 321-322, f. 175
;

Bomb. Jour.
XXIV, 610-612.

Ditto
S. 9. 1., 323, f.l77,

Ceram., pp. 199-

200.

Ditto
I. I. L. 331.

Ditto
S. S. I., 453-454
t. 41.

S. L I., p. 470,
f. 346 ; Proc. Sec.
Ent. Conf. 1917,
p. 213.

Ditto

S L L, p. 470,
f. 346 : Proc. Sec.

Ent. Conf., 1917,

p. 213.
Ditto

:Madras Anmial
Report, '1917-18,

pp. 75-76.

Nagpur, Central
Provinces.

Pollibetta, Viraj
pet.

Poona, Nagpur,
Bangalore.

Hill districts,

South India.

(Burma), Jcoli-

kote.
Pusa.

Khod (Poona)
;

Calcutta.

Poona, Coonoor,
Calcutta.

C'ircars, and
ceded districts.

Nagpur .

Boring into dead
orange branches
aiter they have
been affected by
Arbela.

Bores into orange
stems. Adult
May 1917.

-Bores in steins
;

very common at
Nagpur.

I. R. 176, 24th
Jime 1918.

Eats the bark.
Moves quickly
rovmd the stems
when attempts
made to catch
it.

Adult,
root.

Minor pest.

lemon

Also on pair

Also on Citrua
me'dica, peach,
Phoenix (seri-

oiis).

In numbers on
fruits and stems
of Citrus, Pusa,
August-Septem-
ber 1918.

On leaves, 5th
Sep t e m b e r
1918. Leaves
very heavily in-

fested and turn-
ed pale.

16th June 1906.
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Coconut {Cocos nucifera)—contd.

Eophileurus perforatus

Rhynchophorus ferrugineus Fb.

Calandra stigmaticoUis Gyll.

Solenopsis geminata

S. I. L, p. 343,
Plate XIV.

An. Rept. Pusa,
1917-18, pp. 98-

99, f. 15, f. 1.

Moulmein, 14th
Septe m b e r

1918. K. D.
Shroff.

South India,
Khasi Hills,

Pusa, Assam,
K a n a r a,

Bombay,
Ceylon.

Malvan (Ratna-
giri district),

Tamarasseri,
(Malabar).

Ratnagiri

Custard apple {Anona squamosa).

EeterograpMs bengalella, Rag. . Hmpsn. F. I., IV, PusaHmpsn. F. I., IV,
70 ; Bom. Jour.
XII, 313.

This specimen
was sent by K.
D. Shroff for

identification.

It was found in

dead tops.

Palmyra, date
and coconut
palms. Larva in

stem. All over
the palm-grow-
ing districts.

Larva boring
coconut palm.

[, R. No. 944,
18th March
1918.

Larva tunnels
into fruit, Sep-
tember-October
but is not com-
mon. Scarcely
a pest.

Date-Palm (Phoenix sylvestris) (Khajur),

Larva on date
palm. Adult on
top leaves.
Larvse and
adults eat epi-

dermis of young
leaflets.
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Fig {Ficus carica)—contd.

Leaveg

—

contd.

Fruits . .

Ocinara varians, Wlk.

PoecUocerus pictus, Fb.

Hypsa aieiphron, Cram. .

Eijpsa ficus, Fb.

Phycodes radiata, Ochs. •

Batocera rubus, L. .

Stathmopoda syeastis, Meyr.

Chacetodacus zonatus, Saund.

Batoeera sp. .

Acleessv.

Batocera rubus, L. .

Apriona cinerea, Chev.

Epepeotes uncinatus, Gahan

Olenecamptus bilobus, Fb.

Gen.? sp.

S. I. I.

f. 278.
p. 407,

Kirby. F. I. Acrid,
pp. 172-173, f.

113 ; Fletcher, S.
1. 1., pp. 526-527,
flg. 419; Proc.
Sec. Ent. Conf.,

pp. 136 tab.

I. I. L., t. 39, ff.

3-4 ; Hmpsn. F.
1. 1., 502-503.

S. I. I., p. 400,

S. I. I.

f. 339.
p. 463,

Bezzi. Bull. Ent.
Res., VII, 105-
106, 1916.

Stabbing Forest
Ins. Coleop., p.
374.

BeUary

Pusa

Peshawar, Kulu,
Pusa, Gauhati,
N a g p u r,

Hagari.

Peshawar

Peshawar Valley

J e o 1 i k o t e,

(Kumaon),

Shillong (June-
July 1918).

Peshawar, Pusa,
Gwalior (Lash-
kar) Dehra
Dun, Khasis.

Shillong (July
1918).

Suiat, Coimba-Stebbing Forest
Ins. Coleop., p. tore, Kistna
375, f. 250. I District.

Mand a 1 a y,
T h a t o n,

(Burma).

Larva on leaves.
A minor pest of

Has been found
to damage
young 2!'. cariea
leavcs-

A minor pest of
F. carica ia
Bihar.

Larva rolls the
leaves and is

sometimes a
serious pest of
young flg trees-

Eating shoots of
F. carica.
Larva boring
into stems of
F. cari4:a.

Larva in figs

during May-
June ; the
larvse are so
well known that
the local people
are chary of
eating the fruit.

Larva in culti-
vated figs.

Two photos by
Mr. Gill. Boring
into and ring-
young flg trees.

Larva boring
into main stem,
doing consider-
able damage-
Adult on stems
by day.

Rotten Papaya
stem. Boring
sisoo wood.
Larva boring
Bombax stem
(Pusa). Larva
boring into
stems of F.
carica (Pesh-
awar).-
Larva boring
into trees.

Larva boring
into stems.
Adults on twigs.

Larva boring
Ficus carica.
Also in mango.

l2
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GoosEBm^nY {Physalis peruviana).

Hcliothis obsolefa, Fb.

Heliothis (Chloridea) assiilta,

Guen.

S. I. I., p.
fig. 236.

Pus a.

Do. Physalis minimar
and Ph, peru-
viana.

Grape-Vine {Vitis spp.)

Brahmina coriacea Hope.

Adoretus horticola

Adoretus lasiopygus

Adoretus duvaueeli .

Adoretus versutus Har.

Chrj-somelid

Euproctis fiava

Eippotion celerw, Linn. .

Sylepta lunalis

Kodostoma subcoslalum, Jac.

Scelodonta strigicollis, Mots.

Mimastra cyanea, Hope. .

Phyllocnistis toparcha, Meyr.

Monolepta signala, Oliv. .

Gonocephalum depressum, F.

Gonocephalum Jioffmanuseggi,

Steven.

One Hundred
Notes, p. 3.

One Hundred
Notes, p. 7.

Ento. Note, p. 21.

One Hundred
Notes, p. 6, No.
21.

F. I. Rut., pp.
350-351.

Destructive In-

sects of Victoria
II, p. 109.

Jac. F. I.; p. 334

Jac. F. I. Chrj'S.,

p. 386.

I. U. N., IV, 4,

p. 217.

S. I. I., p. 310,

f. 159 ; Ann.
Kept., 1917-18,

t. 12, fig. 2.

S. I. I., p. 299,

f. 143.

Jeolik t e,

United Pro-
vinces.

Calcutta,
Begus e r a i

(Bengal)
Daltong a n j,

P a 1 a m a u,

Chapra, Jorhat,
Bewari.

Jeolikote, Pusa,
Chapra.

Ramgarh

LyaUpur, 27th
June 1917.

Shripur, (Bihar),

Pusa.

Assam, Burma,
Pusa.

Nasik, Peshawar,
Jeolikote, Pusa,
Minbu, Nagpur,

Sambli (Murree
HiUs).

Bangalore

Bangalore

Fletcher collec-

tion August
1918. These
were found on'

wild grapes.

Larva on leaves.
Alternat i v e

food ntis tri'

folia.

Larva rolling

leaves.

Larva under-
ground near
roots of I

In Burma on
wild Vitis.

Defoliating vines.

Larva mining
leaves.

Adult damaging
grape vines by
nibbling tender
roots and scrap-
ing fruits.

Blarch 1910.
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Grape-Vine (Vitis spp.)

—

contd.

Leaves—
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GuAVA (Psidium guyava)—contd.

Eeaves-
conti.

le%i (eat-
ing).

Spilonota rhothia Meyr.

Chcelodacus jerrugineta ferriigi-

neus.

Chcelodacus ferrngineus dorsalis,

Hendel.

Chcetodactus ferrugineus inei-

sns, Wlk.

Chmtodams femtgineus versi-

color, Bezz.

Agrotis ypiilon

Virachola isocrates, Fb.

Dichocrocis punetiferalis

Cacoecia epicyrta, Meyr. .

^olesthes holosericea, Fb.

Belionota prasina, Thunb.

Meyr. T. E. S.,

1910, 368.

Proc. Sec. Ent.
Conf., 1917,
p. 213-226 ;Bezzi
Ento. Res. VII-
104, Octob e r

1916.

Bezzi Bull. Ento.
Res. VII, 104-
105, 1916.

Bezzi Bull. Ento.
Res. VII, 105,
1916.

Bezzi. Bull. Ento.
Res. VII, 105,
1916.

3. I. I., p. 416-
417 ; B. J., XXIV,
184.

Gahan F. I., pp.
127-128,

Pusa, Koilpatti
(M a d r a s),

Coimbat ore,
Plains of India.

Peradeniya,
Katihar, Pusa.

Myitkyina

Bangalore

Pusa

Pusa (April
1915).

South
Pusa.

Pusa, Coimba-
tore.

Khedut (Baroda),
4th April 1907.

Larva rolls ten-
der guava
leaves.

See Mango fruit.

Larva in guava
and pomelo.

Larva in guava
fruit.

Larva also in
Achras Sapota
fruits.

Caterpillar found
in a decom-
posing guava
fruit.

Larva in fruit.

Larva in fruits.

Larva boring in
fruit.

Larva in guava
stem. In this

case the stem
was affected
with Belionota
prasina.

Boring
stems.

guava

Jamun {Eugenia jambolana).

Aerocercops telestis, MejT.

Meianaslria hyrtaca

Trabala wAnw, Lef.

Spiloiwta rhothia, Meyr. .

jEtherastis eirculala, Meyr.

Acrocereopi phceospora, Meyr.

Aerocercops ieUsiM, MejT.
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Jamun {Eugenia jamholana)—contd.

Fruits .
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Litclii {Nephelium litchi)—contd.

Leaves

—

(ontL

Leaf (eat

iag).

Leaf
(miner).

Twigs .

Thalassodessp.

Amblyrrhiniis poricollis, Boll.

Lyccenesthes emolits, Godt.

Argyroploce aprobola, :Meyr.

Argyroploce leucaspis, Meyr.

Selepa (Plothcia) celtis

Thulasssodes veraria

Argyroploce leucaspis

Argyroploce aprobola

Acrocercops hierocosma, Meyr.

Chlumelia transversa

Argyroploce illepiJa

Eriophyes sp.

Oecophylla smaragdina

Bingham F. I., II,

373-374.

Meyr. T. E. S.,

1886, 275.

Meyr. Gardiner's
Fauna, Geogr.
Maldives I., 126
(1902).

Proc. Sec. Ent.
Conf., 1917, pp.
229, 218.

Proc. Sec. Ento.
Conf., 1917, p.

229 ; I. I. L., p.

475, f. 325, t. 41,

fig. 7.

Proc. Sec. Ent.
Conf., 1917, p.
229.

Proc. Sec. Ent.
Conf., 1917, p.

229.

One ' Hundred
Notes, p. 31.

Proc. Sec. Ent.
Conf.,Pusa, 1917,
p. 220.

S. I. I., 449-450,
fig. 327 ; Proc.
Sec. Ent. Conf.,

1917, p. 230,

Proc. Sec. Ent.
Conf., 1917,

p. 229 ; Agri.
Jour. India, VII,
286-293, figs.

Proc. Sec. Ent.
Conf., 1917,
p. 230.

Do.

Calcutta, Pusa

Pusa

Do. .

Pusa, Poona

India, Burma,
Ceylon.

Pusa, Coimba-
tore, Poona,
Bassein Fort.

Pusa

Do.

Pusa, 21st June
1911.

Larva feeding
on leaves.

Adult on litchi.

On mango leaves.

Larva rolls
leaves.

Larva rolling

leaves ; scarcely
a pest.

Also on mango,
roses, Terini-
nalid, Gmelina.

In small num-
bers.

Larvae roll leaves
in small num-
bers.

Larva rolls leaves
also on mango,
rose. Cassia,
Polyalthia.
Larva mining
leaves.

Also on mango.

Bores in the
interior of the
stone, also in
fleshy substance
of A. marmelos.

A general pest
Makes nests.

Mango {Mangifera indica).

Leaves , Spilomta rhothia, ileyr. .

Cricida trifenestrata

Thalassodes veraria

Anomala dustumieri, Bl. .

Adoretus lasiopygus, Burm

Meyr. T. E.
1910, 368.

Hmpsn. F. I.

Moths III, 508 ;

I. I. L., p. 475,
f. 325, t. 41, fig. 7.

Arrow F. I., Rut.
p. 233.

Arrow F. I., Rut.,
pp. 348-349.

Koilp a t t

(Madras).

Dacca, 26th
March 1917.
Chaumahani.

Larva rolls ten-
der leaves, not
a pest.

Larva on grafted
trees.

Adult on leaves.

Damage similar

to A. ovaiis.
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Mango {Mangifera indica)—contd.

Leaves-
/:ontd.

Myllocerus sabulosus, 3Ishll.

Myllocerus discolor .

Myllocerus 11-pustulatus, Fst.

Platymycterus sjustedti, Slshll.

Dasychira mendosa, Hb. .

Euproctis lunata, Wlk.

Perina nuda, Fb. .

Lycccnesthes emolus Godt.

Macalla moncusaiis, Wlk.

Psyche vUrea, Smpsn

.

Amblyrrhinus jjoricollis .

Apoderus tranquebaricus .

Rhytichcenus mangifercB .

(Ecophylla smaragdina

Pulvinaria psidii

Chrysomphalus trilobitifonnis

Parlatoria pergandii, Comst.

Aspidiotus destructor

Dasychira mendosa .

Euproctis flava

Euproctis scintillans

Parasa lepida

Mango leaf (CecUomyiad)

MshU. F. I. Cure.

I., 336-337.

]VIshU. F. I., Cure.

I, 348-350, f . 106.

JlshU. F. I. Cure.

I, 350-352.

3. I. L,
f. 264.

Hmpsn. F. I. I.

472-473.

I. M. N., IV, 14,

Hmpsn. F. I. I.,

486, f. 323.

Bingham F. I., II,

373-374.

S. I. I., pp. 429-

430, f. 306.

Hmpsn. F. I., I,

299.

Ditto
3. S. I., p. 335-

336, fig. 193.

Proc. Sec. Ent.
Conf., Pusa, 1917,

p. 220.

Green's identifi-

cation, 1915.

Do.

Do.

Mysore

Coimb a t r e,

Salem, Madras,
Samaliote.

S. I. I., p. 399;
injurious insects

of Indian Forests.

Stebbing,p. 111.

S. I. I., 410-411,

fig. 283, 284.

Bakarganj

Pusa, Cuttaclc,

Pithap u r a m
(Godav a r i),

Hagari.

Soutli India

Do.

Do.

Alwar, Ba]-
putana.

Pusa, II., 14 .

Lyallpur, 27tli

June 1917.

Soutli India,

Poena.

Bankura ; South
India.

Adult damaging

Adult on leaves.

Tender leaves.

On leaves.

Defoliat i n g
niaugo and
other trees in
June 1902.
Larva also on
Ficus and jak.

Larva on leaves.

Larva webbing
mango leaves
and shoots and
destroying the
young leaves.

Not a pest.

Eats tender
leaves. Not a
pest.

Not a pest.

Rolls the leaves
and feeds on
them.

Leaves tied to-
gether.

1914.

1914.

Green's identifi-

cation, 1915.

Mango leaves.

(Green determ)
1915.

Larva on leaves,

also twigs of

leaf.

A minor pest.
Larva injurious
to young
grafted man-
goes.
Larva on leaves.

Sails on leaves.
Bad pest in
Mauritius, im-
ported from
India.
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Mango {Mangifera indica)—contd.

Leaves

—

cont.1.

L e a f-

miuers.

Argyroploce erotias, ^leyr.

Chelaria spathota, MejT.

Selepa (Plotheia) celtis

Argyroploce aprobola

Eiignamptus marginatus

Natada velittina

Euthalia garuda

Cricula trifenestrata

Lymantria beatriz .

Ettproclis lunata

Bombotelia jocosatrix

Thalassodes quadraria

Macalla moncusalis

Acrocercops sp.

Rhynehcenui (Orchestes) mangi-
ieree, MshU.

Aeroe»reop$ lyngramma, MejT.

Proc. Sec. Ent.
Oonf., Piisa, 1917.

pp. 217-219 ; One
Hundred Notes,
p. 28.

One Hundred
Notes, p. 30

;

Proc, Sec. Ent.
Conf., Pusa, 1917,

p. 217.

Proc. Sec. Ent.
Conf., 1917, pp.
229, 218.

Meyr. Trans. Ento.
Soc. 1886, 275 ;

Proc. Ent. Conf.,

1917, pp. 230,

217.

I
Ann. Kept., Pusa,
1917-18, p. 99 ;

Proc. Sec. Ent.
Conf., 1917, p.

219; S. S. I.,

pp. 329-331, fig.

186-187.

Proc. Sec. Ent.
Conf.. Pusa, 1917,

p. 217.

Proc. Sec. Ent.
Conf., Pusa, 1917,

p. 218.

Ditto
S. S. I., -pp. 382-

383, flg. 245.

Ditto

p. 219; S. S. I.,

pp. 382-383, fig.

245.

Ditto
Bull. No. 59, Note
84.

Proc. Ent. Conf.,

Pusa, 1917, p.

220.; One Hund-
red Notes, p. 8 ;

S. I. I., p. 334,

f. 192.

One Hundred
Notes, p. 30

;

Meyrick B. J.

XXIII, 120.

India, Ceylon,
Pusa, Bombay.

Pusa, Koilpatti

India, Burma,
Pusa.

Poona, Pusa,
Bassein Fort,
Coimbatore.

Bombay,Saboiu',
Pusa, Burma,
Dehra Dun,
Nagpur, Poona,
M a y m ly o,

Madras.

Bengal

Pusa, 9th Sep-
tember 1907.

South India,

North-E a s t

India, Burma,
Bengal, Eastern
Bengal.

India, Ceylon,
Poona, Pusa.

leaves also bores
in shoots.
Larvae feed on
tender leaves.

Larva found
easing leaves.

Occasional spo-
radic though at
times serious on
mango leaves

as well as on
litchi.

Larva rolls ten-

der leaves.

Tender leaves

cut oft. (On
mango shoots
MonthlyReport,.
September 1918,

Sabour).

pest.

Serious
Bengal.

Mysore

South and West
India, Bihar.

Poona, Pusa

India, Madras

Pusa, Coimba-
tore, Godavari
district, Pad-
davadlap u d i

(Guntur Dis-

trict).

Saidapet, Pusa,
B a n k i p u r,

Chitur, Coim-
batore.

Not a pest.

Defoliates tree.

Occasional pest.

A sporadir
pest.

Webs up leavea

and destroys
shoots.

Not
pest.

Larva niinmg;
tender leaves.

Larva m 1 n e »
leaves.
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Mango (Mangifera indica)—contd.

585'

Leaf- Acrocereops catJtedrcea, Meyr.
miners-
conW.

Acrocereops isonoma, Meyr.

Inflore-

scence.

Acrocereops pentalocha, Meyr.

Alcides frenatus, Mshll. .

Argyroploet erotias, Meyr.

Anarsia mtlanoplecta

Chlumetia trantvtrsa

Apsylla eisfitlata .

Beetle grubs .

Braehytrypeg portentosus, Licht.

Selepa (Plothtia) celtis.

Eublemma sp.

Nanaguf%a breviuseiila, Wlk.

Eublemma tilicula, Swinh.

Amblyrrhinut poricollU, Boh.

Seelodonta strigicollis, Mots.

Chelaria rhicnota, Meyr. .

One Hun d r e d
Notes, p. 30.

One Hund red
Notes, p. 30

;

Meyr. Ext, Mycro
I, 625.

Bom. Jour. XXIII,
119.

Ann. Rept., Pusa,
p. 103, t. 19,
f. 1 ; Proc. Sec.
Ent. Con., 1917,
p. 220 ; One
Hundred Notes,
No. 28, p. 9,

fig. 4.

One Hundr e d
Notes, p. 28.

One Hundr e d
Notes, No. 78,

p. 29 ; Proc. Sec.
Ent. Conf. Pusa,
1917, p. 220 ;

Meyrick B. J.

XXII, 774
(1914).

Proc. Sec.
Conf., 1917, Pusa,
220 ; Ann. Rept.
of A. R. I., 1917-

18, p. 103.

Ent.

Pusa, Coimba-
batore. Raj-
shahi.

Nagpur, Pusa

United Pro-
vinces, Poona,
Travanc ore,
Coimbat ore,
Bombay, Pusa.

I. I. L., p. 742, North India,
f. 514-515 ; Proc.
Sec. Ent. Conf.,
Pusa, 1917, p.
221.

Monthly Report
Bihar and Orissa,
April 1918.

Fletcher S. I. I.,

p. 536, f. 430 ;

Proc. Sec. Ent.
Meeting, pp. 79,
93, 98, 132, 270,

278, 281, 290.

Pusa

Do.

Jac. F. I. Chryso,,
p. 386.

Meyr. Exot. Micro
I, 580-581.

Landhi (Sind)
Pusa, Nagpur.

Pusa

Do.

Panap a k o m
(Chittur Dis-
trict), Sheva-
roy Hills.

Mines lea v e s.

Alterna t i v e
food Achyran-
thes aspora.

A single speci-
men reared
from mango.
Larva mining
leaves.

Larva , mining
blotches in
leaves.
The grubs bora
into the shoots.
A bad pest at
Dacca.

Larva bores into
the shoots.

Larvaj bore into
the top shoots
of young twigs.
Scarcely a pest.

Also on litchi

boring in shoots
and sometime
feeding o n
mango leaves ;

a bad pest of
grafted mango
at Poona.

Grubs boring iui

shoots.

Young mango
shoots.

On bud.

Larva In dry
fallen flowers-
and feeding on
them.

Larva in inflore-

scence and
buds.

Adult on inflore-

scence.

Larva
flowers.
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Mango {Mangijera indica)—contd.

Inflore-
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Mango (Mangijera indica)—co7itd.

Fruits

—

contd.
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Mango (Mangifera indim)—contd.

backing
insec*-«—
'ontd.
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Melon {Cucumis melo)—contd.

Fruits—
contd.

Chcetodacus cucurbiUe, Coq.

Myiopardalis carpalina

Bezzi. Bull. Ent.
Res. VII, 109-
110, 1916.

Proc. Ent. Aleeting,

1917, p. 306.

Coimbat ore,
Peshawar.

Larva in melon.
Larva in melon
shoot.

Larva in melons.

Mulberry {Morus spp.).

Mimastra cyanea, Hope. .
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Nectarine.

Fruits Calpe ophideroides

Lagoplera honesta

One Hund red
Notes, p. 21, Note
64, figs. 9-10.

Punctures the
fruits a t

night. Doing
considera b 1 e

Olive.

Fruits

Argynnis hijperbius, Joh.

DacHS olece, Fb.

Kashmir (27th
N ov e m b e r

1918).

Cherat (North-
west Frontier
Province).

Papaya {Carica papmja).

I

Dasyses rugoselhis, Stt.

Sucking .

Stainton T. E. S. Pusa, Coimba-
(N. S.) V, 113- tore.

114, 1859.

Peach

Anomala aurora, Arrow.

Anomala pallidospila, Arrow.

Popillia Msteroidea, Gyll.

Emperorrhinus defoliator .

Dasychira sp.

Dirades theclata . •

{Prunus 'persica).

One Hundr e d
Notes, p. 4.

Popillias^. .

Anmnala decorata, Eirsch.

Kodina rufipes, Jac.

Dasychira mendosa, Hb. .

Antestia cruciata, Peach Apliis

Calpe ophideroides .

One Hundr e d
Notes, p. 7.

BuU. Ent. Res.
VI, 366-368, fig.

1 ; 2nd Hundred
Notes 116-117.

Arrow, F. I. Rutd.
p. 80.

Arrow, F. I. Rut.,

p. 216.

Jac, F. I. Chrys,

p. 293.

3. I. I., p. 396,
f. 264.

One Hund. Notes
64. p. 21, figs.

9-10.

]\Iaymyo (Upper
Burma).

Mavmyo, Mav
1909.

Pusa (3rd March
1911).

Pusa (2nd Sep-
tember 1909).

IMaymvo, May
1909.

Maymyo

Jloulm e i n

;

Maymyo.

Nepal (9th May
1911).

Larva on leaves r

sent in by F. H.
MitcheU.

A serious pest of

cultiv a t e d
olives i n
Southern
Europe.

Larva usualh^
feeds on dead
wood, but may
bore in below
the bark of old
living stems..

Direct damage
slight, but the
indirect damage-
by admission of
disease may be
serious.

Attacks leaves.

Damages leaves-

Damages leaves.

Larva on ten-
der apic a 1

leaves. ^

Adult on leaves.

Adult on leaves
(one only).

Punctures fruits

at night and
those drop
down.
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Peach (Prunus persica)—contd.

Affecting
fruits

—

cont'L

Chmtodacus ferrugineus Fb.
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Pear {Pyrus communis)—contd.

Leaves

—

<otUd.

Mimastra cyanea, Hope.

Sphingid(Gen.?sp. ?)

Belippa laleana. Mo.

Chcrtodacus terrugineus dorsalis,

Hondel.

I. M. N., IV, 4,

217.

I. I. L., p. 501,
t. 28, f. 14.

Bczzi. Bull. Ento.
Res. VII, 104-

105, 1916.

Solan ; Sambli
(Murree Hills).

Kulu ; Shillong

Shillong.

Maymyo.

Defoliatirxg trees.

Also on apple.

(See under
apple.)

Phyllanthus emblica.

stems

Twigs

Ophiusa analis Guen.

Parallelia analis, Guen.

Arbela tetraonis, Mo.

Machcerota sp.

PjTalid

(Aphid)

Hmpsn. F. I., II,

501.

3. I. I., pp. 453-

454, t. 41.

B a 2 i d p u r

(Muzaffarpur).

Darbhanga Dis-
trict (Bihar),

India, Burma,
Ceylon.

Pusa.

Pusa, Lucknow.

Pusa

Semilooper on
leaves. A few
only.

Defoliating.

Larva making a
gaU.

Phoont {Cucumis trigonus).

Cheetodacus cuciirbitce, Coq.

Myiopardalis pardalina, Big. .

Bezzi. Bull. Ent.
Res. VII, 107-

110, 1916.

Proc. Sec. Ent.
Meeting, p. 306. 1915).

Cultivated large
fruits.

Plantain {Musa sapientum)

Stephanitis typicm Dist. .

Pericallia ricini

Psychid

Nodostoma subcosMum, Jac.

Parasa lepida, Cram.

Fodosloma subcostalum. Jac.

Chcttodacus diversiis, Coq.

One Hundr e d
Notes, p. 36,

fig. 20.

S.I. I., pp. 370-

371.

Jac. r. I., Chrys.,

p. 334.

3. I. I., pp. 410-

411, ff. 283-284.

Second Hundred,
Kotes, No. 147.
Jac. F. I. Chry.,

p. 334.

Through out
South India.

Pusa (11 th Feb-
ruary 1914).

Assam, Burma,
Pusa.

India, Ceylon,
Kumbalengno,
(Cochin) Poona,
Bankura.

Assam, Burma,
Pusa.

Bezzi. Bull. Ento. Mandalay
Res. VII, los-
ing, 1916.

Larva on leaf.

P 1 a n t a i n
leaves. Larva
found under-
ground near
roots of grasses.

Gregarious
round shell-like

cocoons on tree
trunks.

Adult on fruits as
well as leaves.

Also lir<^d from
oranprs.
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Plantain {Musa sapientum)—contd.

Tinda iiidka, Wlk.

A Hispid beetle

Odoiponit loiigieollis

Cosmopolites sordidns, (ierm.

Chnjsomtlid (Hispinsc) (Gen.'

sp.?)

One Hundr e tl

Notes, p. 17.

Proc. Sec. Knt.
• onf. Pusa, 1917.

S. 1. 1., p. 342-343,
f. 201.

Pusa, Chapra

H m a w b i

(Burma), 7th
Sept«inb e r

Calcutta, Pusa

Mahim (Bombay)
W y n a a d,

Poena.

Hniawbi (Lower
Burma).

Ptlytut mclkrborijU, Boli.

Plum {Alu Bokhara).

Adoretus hortkola, Ait.

Adorctus versutus. War.

Chrysomelid (Gen.? sp.?) (Galtru
ginae).

Brahmina coriacea, Hope.

(Leaf curl)

Myllocerus sabtdosus

Eiiproctis fiava

Anomala varicolor, Gyll. ;

Anomala lineatopennis, Bl.

Adoretus duvauceli, Bl.

Virachola isocrates, Th.

Arrow, 1'. I. Rut.,
p. 344 ; Ento.
Not* 22.

Arrow, F. I. Rut.,
p. 3.10.

One Hundred
Notes, p. 3.

Arrow, F. I. Rut.,

pp. 152-153, f. 41.

Arrow, F. I. Rut.,
pp. 212-213.

Arrow, Rut., pp.
343-344 ; Ent.
Note 21.

S. I. I., p. 416, f.

289 B. J. XXIV,
184.

Helem, 29th
March 1907.

Jeohkotc, United
Provinces.

Saharanpur.

Taru-Peshawar

Lvallpur (27th
June 1916).

Jeolikote (20th
May 1915).

Jeolikote (1st
July 1912).

Larva bred in
stems.

The specimens
were sent by
Mr. K. p. Shroff
as boring into
the plantain
stem. These
could not be
identified and
were returned.

Larva in stem.
Destructive of
affected plant.

Adult in s t e m.
Occurs ;ts a
pest and may
be introduced
in plant i n g
setts.

Bores into plan-
tain flowers (K.
D. S. ; 7th Sep-
tembrr 1908).

Boriiis! roots.

Damage by night'

Adult on plum
trees in num-
bers ; attacks
leaves and un-
ripe fruits in

large numbers.

Eats foliage of
young p i u ra

trees.

Adult on leaf.

Ditto.

Larva in fruit.

Pomegranate {Punica granatum).

Euproetis fraterna. Mo. S. I. I., pp. 398-
I

South India.
399, fie. 2«7.

M 2
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PoMEGEANATE {Punico granafiim)—ccntd.

Leaves

—

contd.
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Tamarind {Tamarindus

Fruits
.(Stored).

Stauropiis alteriius

Virachola isocrates .

Calaiidra lineari)!, Hbst.

?. I. I., p. 408, If.

279-280.

I., pp. 416-41';

One Hundr e fl

Notes, p. 10.

Walnut.

iSaturiiia (Caligula) slmla

Oxyambulyx sericeipennk. But).

Belippa laleana, Mo. I. 1. L., p. 501,
t. 28, f. 14.

Coiiub a t o r e,

Ganjam, South
India.

South India.

Pusa

S nila (13th
July 1907).

Shillong

Water-melon {Citrullus vulgaris).

Sp-ruits .
AcyihopemcitnaU,yif,h\\. . .. Hagari

Chcetodacus ciicurbita;, Cocj.

Dacus brevisUjlus

Bezzi. Bull. Ento.
Res. VII, 109-

110, 1916.

Proc. Second Entl.
Meeting, p. 305.

Hagari.

Larva also on
tin, Treiria nudi-
folia and tea.

Breeds in stored
fruits.

Eaeh larva de-
foliates consi-
derably.

Larva does
slight damage
by feeding on
the leaves.

of
Reported as

bad pest
water-mel o n s

in April 1908.
Orubs bore into
the side on the
ground. They
tunnel into the
fruits filling the
passage with
excrement and
cause decom-
position.

Larva in water-

Waternut {Trapa bispinosa) (Vern. Singhara).

Gaierucelli Singhara Bhandara
(Central Pro-
vinces), Shakar-
tala (Central
Prov i n c e s),

Muzaffarp u r,

Cawnpore.

A bad p('st of
Singhara.

Wood-apple {Feronia elephantum)

Leaves .

Fruits

Farasa lepida

Argyroplace illepida

Euzophera
Hmpsn.

plumbeifatciella,

S.I. I., 410-411 .
,

South Indi

Proc. Sec. Ent. i

Conf. 1917, p. 230.

Hmpsn. F. I. IV,

Bores into the
fruits.

Scarcely a pest.

Most of these insects have also been discussed in the general list of Mr. Fletche*.

crop-pests. We have been collecting information on Fruit-pests for

some years now and it will be useful to have a hst of the various fruit-

^rees showing what insects we know as attacking each.
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23.—LIST OF THE PESTS OF FRUIT-TREES (INCLUDING
PALMS) IN BURMA.

By K. D. Shroff, B.A., Entomological Assistant, Burma.

Pest
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23.—LIST OF THE PESTS OF FRUIT-TREES (INCLUDING
PALMS) IN BVRMA—contd.

Pest

4. Anacardiace^.

(a) Mango.

Eiignamjitus marginatus .

Cricvla trifenestrata

Macalla moncnsalis (?)

Weevils ? . . .

Rhytidodera robusta

Anomala aurora

Cryptorrhynchus gravis

Choetodacns ferriiginevs .

Idiocerus atJiinsoni

Tettigoniella ferriiginea

Mealy Bugs (3 species)

(6) A7nra (Give-di) (Spondia-

mangifera).

Podontia affinis

5. Rosacea.

[a) Loquat,

Beetles ....
(6) Apple.

Borer

Woolly Aphid

Part of the Plant
attacked

Leaves .

Do. .

Do. .

Branch-joints

Branches (Borer)

Fruit .

Do. .

Do. .

Plant-juice

Do. (?) .

Do.

Leaves .

Shoots

Stem and Branch

Roots and Stems

Remarks

Found once at Maymyo.

Minor pest ; sometimes seri-

ous ; abundant in Rangoon.

Found at Mogaung and Hopin.

Found at Mogaung ; status

not known.

Minor pest ; kills medium-
sized trees gradually at

Maymyo ; also attacks fig

trees.

Once found feeding on semi-
ripe fruits at Maymyo.

Very serious.

Ditto.

Minor pest but sometimes
serious.

Found in numbers on the tree

but status not known.

Not yet found serious.

Once found at Mudon
(Amherst).

Eat up the shoots and two or
three trees do not bear
fruits at Maymyo.

Found very serious at
Taunggyi ; could not be
reared.

Found pretty serious at

Taunggyi.
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23.—LIST OF THE PESTS OF FRUIT-TREES (INCLUDING
PALMS) IN BVm/lA—contd.

Pest
Part of the Plant

attacked
Remarks

(c) Pear.
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23.—LIST OF THE PESTS OF FRUIT-TREES (INCLUDING
PALMS) IN BVnUA—contd.

Pest
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23.—LIST OF THE PESTS OF FRUIT-TREES (INCLUDING
PALMS) IN BURMA—cowcW.

Pest
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24.—COCCIDS AFFECTING FRUIT-TREES IN SOUTHERN INDIA.

By T. V. Ramakrishna Ayyar, B.A., F.E.S., Acting Government

Entomologist, Madras.

It is generally recognized that of the different kinds of insects that

levy their toll on fruit-trees the members of the group Coccidce o: Scale

insects play a very important part. This is, of course, not recognized

as much in India as it is in the well-known orchard areas of the world.

In California, Australia, South Africa and the Mediterranean countries,,

which are the foremost places where fruit crops are extensively grown,,

individuals of this family of insects have been known to do very serious

damage and bring about appreciable loss to the country. Even a single

species such as the '' San Jose Scale " or the '' Oyster Shell Scale " has

been found responsible for the loss of thousands of pounds worth of

fruits every year.

In India on the other hand, although conditions of fruit growing and
the consequent chances of insect infestation have not advanced to any
such remarkable degree, within the last decade very great attention

has been paid by land-owners in South India towards the extension of

the area under different kinds of fruit crops. It is a common sight

now-a-days, as one moves in a railway train, to find numerous young^

orchards of mango, Citrus and other fruit crops in areas which were

till recently barren and uncared for. This fairly rapid extension of the

area under fruit allows the easy dissemination of the different kinds of

insect pests and especially those that belong to the group of Scale-^

insects. Of all insects which have, in virtue of their peculiar habits and
nature, the best chances of easy distribution from place to place the

Scale-insects rank very high, and as such I believe it may help prospective

fruit-growers to have some idea of the different species of this family

that they are likely to meet with, so that they may be in a position to

take prompt measures before any of the insects assume serious propor-

tions. I have therefore attempted in this brief paper to note down the

species that have so far been found on fruit trees of different kinds in

South India, either as important or as minor pests. So far, only a few

of those in this paper are really serious pests ; but it would be advantage-

ous to have an idea of what are the species found on the plants, so that

we might watch the progress of the different species. The species have

been arranged under each fruit crop found in South India.

Mango.

Proportionate to its importance in South India the mango tree is.

subject to the attentions of a good many species of Coccidse. However,,
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only a few of these have been noted to do appreciable damage now and

then.

Chionaspis vitis, Green.

Locality.—Very common in South India especially in the Mysore

uplands.

Habits.—Attacks the foliage. Badly infested leaves turn into a

sickly yellow colour.

Diaspis harheri, Green.

Locality.—In the Northern Circars, Ceded Districts and Tanjore.

Habits.—Not so common as the previous species. Often found on

the tender shoots and leaf stalks. It is found on Loranthus, which is a

plant parasitic on mango in certain tracts.

Diaspis rosce, Bouche.

Locality.—In Bangalore. Not noted before from India.

Habits.—On the leaves ; it has also been noted on a wild plant.

Diaspis mangiferce, Green.

Locality.—Vizagapatam, District.

Habits.—Not very common.

Aspidiotus rossi, Msk.

Locality.—Godavari and Coimbatore Districts.

Habits.—The dark common oval scales are generally found in patches

on the leaves near the stalk. Has been found on Carissa Carandas

also.

Aspidiotusfieus, Ashmead.

Locality.—'^oted in the Ceded Districts, along the West Coast, the

Nilgiris, and Coimbatore.

Habits.—The purplish-black scales are easily made out on the infested

leaves. Att&cks also Citrus, Eugenia and Pandanus.

Aspidiotus trilobitiformis, Green,

Locality.—Northern Circars, Coimbatore, Malabar.

Habits.—Though not recorded before from India it has been found

on two other plants besides mango

—

Ixora and Mimusops.

Pulvinaria psidii, Msk.

Locality.—Found all over the Presidency,

Habits.—This is one of the bad fruit pests of South India (see under

^uava).
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Ceroplastes actiniformis, Green.

Locality.—GodsLVSivi, Ceded Districts, Coimbatore and South Kanara.

• Habits.—Besides mango, the scale has been noted on coconut,

Canna, Ficus, and Calophyllum in South India.

Ceroplastes rubens, Msk.

Locality.—Ganjam District.

Habits.—RsiS been noted on jak, Calophyllum, Cycas, and cashew,

elsewhere in South India.

Vinsonia stellifera, Westw.

Locality.—Coimbatore.

Habits.—Of minor importance on mango. ^

Lecanium adersi, Newst.

Locality.—Coimbatore.

^a6iYs.—Occasionally pretty bad on the foliage.

Lecanium discrepans, Green.

Locality.—Godavari District.

Habits.—This insect is a new record from India. Ants of the genus

Cremastogaster generally visit the scales in numbers.

Lecanium ocutissimum, Green.

Locality.—Coimbatore.

Habits.—Very rare on mango.

Phenacoccus iceryoides, Green.

Locality.—Coimbatore and Northern Circars.

Habits.—It is often bad on mango—the white mealy masses covering

the shoots, leaves and fruits.

Phenacoccus ballardi, Newstead.

Locality.—Coimbatore.

Habits.—Very much like Phenacoccus iceryoides, Green, but not

found in such nuinbers.

Phenacoccus mangiferce. Green.

Locality.—Coimbatore.

Habits.—Not very common. This is the first record from India.
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Tachardia lacca, Kerr.

Locality.—Saidapet, Madras.

Habits.—Only on one occasion was this noted and that not in large

numbers.

GUAVA.

This plant, although subject to the attacks of only a few Coccids,

often suffers considerably from one or two species.

Pulvinaria psidii, Msk.

Locality.—This is found all over the country.

Habits—It is very often found doing considei able damage to guava

trees. The leaves of badly-infested trees present a dark blighted

appearance.

Lecanium hemisphcericum, Targ.

Locality.—Coimbatore District.

Habits.—Though this is a specific bad pest of coft'ee, I have noted

it causing appreciable damage to guava.

Mytilaspis pallida, Green.

Locality.—God^vari District.

Habits.—Very rare. Noted only once and that as a minor insect.

Orange, Lemon, Pomelo, etc.

So far as known there are not as many Scale-insects affecting the

Citrus trees in Southern India as one may be expected to find, judging

from the conditions in other Citrus-growing countries. I have not

yet come across the well-known " Orange Scale " {Aspidiotus aurantii,

Msk.) on Citrus trees, although the species is not absent in South India.

Aspidiotus ficus, Ash.

Locality.—Malabar and Nilgiris.

Habits.—Occasionally bad.

Parlatoria ziziphus, Lucas.

Locality —Coimbatore.

Habits.—Rarely found. Another species of Parlatoria is also found

on Citrus in the Mysore uplands.
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'

Lecanium viride, Green.

Locality.—On the Nilgiris and the Mysore uplands.

Habits.—This is the notorious " green bug " of cofEee, and often it

affects Citrus foliage badly.

Lecanium hesperidum, L.

Locality.—Godavari District.

Habits.—The long soft scales are found chiefly on the shoots.

Phenacoccus iceryoides, Green.

Locality.—Godavari District.

Habits.—Pretty bad on Citrus as it is on mango in the Northern

Circars.

Pseudococcus corymbatus, Green.

Locality.—Godavari District.

Habits.—The insect is found in large mealy masses on the shoots of

"the plant and is as bad as Phenacoccus iceryoides, Green.

Plantain.

Only about half a dozen species have been noted on plantain and
:so far not one of them has appeared in pest form.

Aspidiotus orientalis, Newst.

Lccality.—Coimbatore.

.

Aspidiotus cyanophylli, Sign.

Locality.—Nilgiris, 2,000 feet.

Lecanium signiferum, Green.

Locality.—Vizagapatam District.

Lecanium discrepans, Green.

Locality.—Godavari District, on the plantain fruits and fruit-stalks.

Lecanium depress uni, Targ.

Locality.—Coimbatore.

Pomegranate.

I have only noted two Coccids so far on this fruit plant and of the

two only one of them can to a slight extent be considered as a pest.
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Pseudococcus crotonis, Green.

Locality.—Coimbatore

.

Habits.—Found on the stalk and crown of the fruits. Often the

latter portion is eaten away by the mealy-bugs.

Hemichionaspis thecF, Mask.

Locality.—Coimbatore.

Remarks.—Very unimportant as a pest.

Grape.

Aspidiotus cydonice, Comst.

Locality.—Bangalore and Coimbatore.

Habits.—Found often bad on the main vines and shoots. Greatly

weakens the vigorous growth of the vines. Appears to be an imported

Australian species.

Lecanium nigrum, Niet.

Locality.—Coimbatore.

Habits.—Found on young leaves. Not serious.

Pulvinaria sp.

Locality.—Krishnagiri, Salem.

Habits.—Although it was made out to be a Pulvinaria the material

was not sufficient to identify the correct species.

FiG.

Cultivated fig harbours two Coccids both of which do soms damage

to the fruits.

Aspidiotus cydonice, Comst.

Locality.—Coimbatore.

Habits.—^oMndi on the fruit-stalks as in pomegranate.

Pseudococcus crotonis, Green.

Locality.—Coimbatore.

Habits.—On fruit-stalks and stem and roots just under the soil.

Apple.

I have not yet noted any Scale on the apple-plant in South India,

although it is not unlikely such may be found.



TEOCEEDINGS OF THE THIRD ENTOMOLOGICAL MEETING 607

Pear.

Aspidiotus cydonice, Comst.

iocaHfy.—Bangalore.

Habits.—On shoots and fruit-stalks as in fig.

Peach.

Asjndiotus latanice, Sign.

Localitij.—CoonooT (Nilgiris 5,00u feet). Noted by Andrewes.

have not observed this insect on peach myself.

Sapota.

Pseudococcus crotonis ? Green.

Locality.—CoimhsitoTe.

Habits.—The tender shoots are often badly infested by colonies of

this mealy-bug and ants visit them in numbers.

Jambolan {Eugenia jambolana).

Aspidiotus destructor, Sign.

Locality.—U&dduT, Mysore.

i7a6its.—Sometimes the leaves are badly infested.

Aspidiotus ficus, Ash.

ioc«?i'2/.—Maddur, Mysore.

Habits.—'Found along with Aspidiotus destructor ,
Sign.

Rose apple (Eugenia jamhos).

Vinsonia stellifera, Westw.

Locality.—Godavari District.

Habits.—'Piettj common. Pound chiefly on the under-surface of

the leaves. However, not a serious pest.

Custard apple.

Pseudococcus virgatus, Ckll.

Locality.—Coimba'-ore and other places.

Habits.—A pretty bad pest. It is often found covering the shoots

and the surface of the fruits.

N
VOL. II
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Pine-apple.

Pseudococcus bromelice, Boiich.

Locality.—Taliparamba, Malai)ar.

Habits.—Within the leaf sheaths. The species looks like P. lonai-

S'^imj^, Targ., but I am not certain. The material is with Mr. Green for

identification.
^

BiLWA [Mtjlc marmeJos).
"

Lecanium viride, Green.

Locality.—Coimbatore.

Habits.—I found it pretty bad on young plants.

Cashew {Anacardium).

Ceroplastes floridensis , Comst.

Locality.—Bangalore.

Habits.—Not found in numbers.

CouNTPvY ALMOND [Termiymlia catappa).

Lecanium nigrum, Niet.

Locality.—Kollegal, Coimbatore.

Habits.—Often bad on the foliage.

Jak.

There are over half-a-dozen species noted on this tree but only one

or two of the mealy-bugs often prove destructive.

Hemichionaspis aspidistrce, Sign.

Locality.—Mysore uplands.

Remarks.—Not a pest.

Aspidiotus triglandulosus, Green.

Locality.—Bangalore.

Remarks.—Not very common.

Parlatoria artocarpi. Green.

Locality.—Periaghat, Western Ghats.

Remarks.—Not a pest.



rKOCEEDlNGS OF THE THIRD ENTOMOLOGICAL MEETING 605

Parlatoria {Websferiella) papillosa, Green.

Locality.—Palghat, Malabar.

Habits.—Not found in numbers.

Ceroplastes rubens, Mask.

Locality.—Ganjam District.

Habi's.—Only a few isolated scales found.

Pseudococcus corymbatus, Green.

Locality.—Malabar District.

Habits.—Often bad on the tender shoots and fruits and visited by
the red ant in numbers.

Ieerya cegyptiaca, Dougl.

Locality.—Kallar, Nilgiris.

Habits.—B&.di on the leaves, shoots and tender fruits. ,

Bread fruit tree.

leerya cegyptiaea, Dougl.

Loealify.—Vadanapalli, South Malabar.

Habits.—Pretty bad on leaves and shoots.

Ber {Zizyphus).

. Ceroplastodes cajani, Mask.

Locality.—Coimbatore.

Habits.—Foundas whitish glassy masses on the distal shoots.. Not
serious pest.

Mulberry.

Lecanium nigrum, Neitn.

Locality.—Coimbatore.

Habits.—Bad on isolated plants occasionally.

Pulvinaria maxima, Green.

Locality.—Coimbatore.

Habits.—Found rarely.
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26.—TUKRA DISEASE OF MULBERRY.

(Plate 98).

By 0. S, MiSEA, B.A., First Assistant to the Imperial Entomologist,

(1) Dactylopius bromelicB, Bouche., Naturgesicht, 1834, p. 20.

(2) D. hromelicB, Signoret, Annales de la See. Ent. de France, De
cember, 1874, p. 310.

(3) D. hrcmelice, Ind. Mus. Notes, Vol. Ill, No. 5, p. 51, fig. 52.

(4) D. hromelice, Bouche ; C. S, Misra—The Tuhra Disease of Mul-

berry.' A Report on the Silk Industry in India by H.

Maxwell- Lefroy (1915).

(5) Phenacoccus hirsutus, Green. Mem. Dept. Agric. Ind., Entl.

Series, Vol. II, No. 2, April 1908, p. 25, Plate II, fig. 1.

The disease locally known as " Tuhra " in Bengal is caused by Phena-

coccus hirsutus, Green. Hitherto it was thought that the cause of the

disease was Dactylopius hromelice, Bouche. But early in July last year

(1918) specimens were sent to Mr. E. E. Green and he has now identified

the Mealy-bugs causing the TuTcra disease as Phenacoccus hirsutus. Green.

The disease was noticed for the first time by me at Pusa early in 1908,

but with the pressure of other work further investigations regarding

the cause of the disease could not be taken up. In April 1909, when I

visited the Babulbona nurseries in the Murshidabad district, my atten-

tion was drawn to the damage done to the bush mulberry plantations

in the nursery compound. The mealy-bug was so bad that hardly a

plant was free from it in the nursery plantations, and Mr. A. C. Ghosh,

Superintendent of the Babulbona nurseries, informed me that the disease

was very widespread in the interior of the district, and in consequence

I visited some of the villages in the neighbourhood of Murshidabad, and

found the disease very bad in a large number of bush mulberry fields.

In some places the disease was so bad that there were hardly any green

succulent leaves on the plants. All that was present on them were the

hard, compact, malformed shoots in which the leaves had turned dis-

tinctly coppery-green or pale-yellow. The apical leaves forming the

malformed heads had become so crisp that it was hardly possible to

examine them without breaking them. Later on, a large number of

stray bush mulberry plants—the remnants of a former roadside planta-

tion at Pusa—were found to be severely affected with the disease and.

on examination were found to be infested with the nymphs and adults

of P. hirsutus, Gr., in every stage of development. These plants were

kept under observation until, early in 1916, specimens were obtained
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Shoot of mulberry affected with " Tukra.
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from Ramnagar in the Murshidabad district to compare them with those

found at Pusa. The two sets of specimens were sent last year for identi-

fication and both were declared to be the same species, Phenacoccus

hirsutus, Gr. The disease is known as Tukra, Kokra, Thopna and Topor

in Bengal (vide letter from Mr. A. C. Ghosh, Superintendent of Sericul-

ture, Bengal, dated the 16th December 1918). The" local names are

symboHc of the malformation caused to the leaves and shoots by the

mealy-bugs. The disease has hitherto been noticed by me at Pusa and

the silk-growing districts of Bengal, Murshidabad, Malda and Bankura.

But it is possible that it is more or less present in some of the other

mulberry-silk-producing districts of the country. The disease is so promi-

nent and characteristic, that once seen it cannot soon be forgotten. The

shoots of the affected plants first turn coppery-green, then pale-yellow

and ultimately become so hard and compact that it is not possible to

open them without breaking away the crisp leaves. With the appearance

of the malformed shoots the lower lateral leaves become seared and fall

off prematurely. In cases of severe attack, there may be seen nothing

but the bare stems of plants standing in the field. The apical leaves,

if they do not turn pale-yellow, become so crisp and devoid of nutrient

constituents, that they become unfit to be served to Bomhyx mori cater-

pillars. In some years the disease is very widespread and considerable

damage is done to the leaf- crop, and in such years there is heavy loss to

the cultivators who take to leaf cultivation and supply. The disease

seems to have obtained a permanent footing in mulberry-silk-producing

districts in Bengal for the reason that the remedies hitherto adopted for

eradicating the pest are to collect the affected shoots and to throw

them outside the infested fields, in a ditch or a pool of water close by.

The nymphs as well as the mature females crawl over from these and

again infest the succeeding crop. In this way the pest runs on its course

uninterruptedly. Besides this, the nymphs as well as the gravid females

are blo\^m away by the wind with the fallen leaves and these have been

found to lie buried in a pit close by the infested fields. As soon as the

winter is over, the eggs hatch and the nymphs walk over long distances,

ultimately reaching their favourite foodplants, the cotton or the mulberry.

The eggs and nymphs have also been observed to be transported to new
places by means of the nymphs and females of Pseudococcus virgatus,

Ckll., as well as other insects. During the winter the matured females

move down and establish themselves in leaf-scars, under bark and notches

on the stem. There they remain quietly ensconced until the winter

is over, when they again move up the plant and establish themselves,

preferably on the shoots, thereby producing the characteristic malforma-

tion known as Tukra or Kokra of Mulberry.
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The nyniplis as well as the females prefer to feed on the tender apical

leaves of mulberry plants. In order to determine when and how the

malformation of the mulberry shoots was caused a newly-hatched nymph
was taken and put on a healthy growing bush-mulberry cutting in a

pot. The nymph was transferred on the plant on 4th September 1916 and

on 12th September 1916 the place where the nymph had fixed itself to

feed in the axil of a leaf had turned deep coppery-green and the stem

flattened out laterally. Soon after the presence of the nymph on the

plant could be known easily by the presence of the ant, Monomorium
indicvm. The ants attend upon the nymphs and the maturing females

for the sake of the honey-dew. They have not been seen to attend

upon the full-grown male nymphs prior to their pupation. They have

also not been seen to attend upon the gravid females when they have

begun laying eggs and are covered with fine, whitish cretaceous threads,

especially towards the pygidial end. On the 18th September 1916

• the leaves had curled distinctly and had turned deep coppery-green.

The characteristic malformed head was formed and the leaves forming

these had changed colour and had become firm and crisp. The following

day one or two patches of the mulberry mildew, Phyllactinea corylea,

were visible on the leaves. The plant on to which the nymphs were

transferred had remained immune from the attack of the fungus, along

with another plant potted at about the same time as this, but now began

to show traces of the presence of the mildew. It was just possible,

because the vitality of the plant was lowered by the undue draining

away of the sap which would have gone ordinarily to the development

and maturing of the plant, that the mildew appeared. The other plant

was also unfortunately utilized for marking the development of the apical

malformation, otherwise if it had been kept separate it would have served

well for comparison. On the 23rd September 1916 I talked this over

with Dr. E. J. Butler, Imperial Mycologist, Pusa, and he very kindly

gave me access to literature* belonging to him, wherein it was recorded

that the plants at first immune from the attack of a fungus fell a victim

to it as soon as they became infested with Aphididse. The experience

gained by me was very much similar to this. Early in 1909 when the

mulberry leaf-mildew was very prominent on a few plants in a small

plot of broad-leaved mulberry plants in the compound of the bungalow

occupied by Mr. H. Maxwell-Lefroy, I found a large number of grubs

and adults of Thea cincta, feeding voraciously on the mildew on leaves.

* 1. On Erysiphis graminis, Dc. and its adaptive parasitism witliin the geiwis Bromus

.

Emest S. Salmon, F.L.S., (Annales Mycologi, Vol. II, Nos. 3 and 4, 1914, pp. 24-25).
2. Cultural experiments with " Biologic Forms " of the Erysiphacese Ernest

S. Salmon, F.L.S. {Phil. Trans. Eoyal Soc. .London, Series B, Vol. 197, p. 112).
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Tlie grubs were specially active in devouring the fruiting bodies {iperi-

thecia) of tlie fungus, and were again observed in numbers during Decern-
'

ber 1912. Tbe adult beetles liave been found to devour with avidity the

nymphs and adults of the Ked Spider, Tetranychus Uoculatus, especially

bad on castor, jute and Hihiscus abelmoscJms at Pusa. The sequence of

observations was :

—

4th September I916.-Nymphs put on two potted bush-mulberry plants. (From

cuttings obtained from Malda).

12th September 1916.—Apical leaves turned coppery-green and the stem flattened

out laterally (both ways).

14th September 1916.—Leaves became curled, malformation of shoot apparent

now.

18th September 1916.—Leaves curled distinctly, malformed apical head became

compact.

19th September 1916.—Mildew, Phylladinea corylea, visible on the leaves especially

the lower ones.

21st September 1916.—The leaves became dark coppery-green and crisp.

23rd September .1916.—The mildew, P%ZZac<Mi«.' -rylea, became very prominent

and spread to a number of leaves on the plant.

4th October 1916.—The leaves became pale yellow and fell down.

90th October 1916.—The growth of the affected plant from 19th September to 19th

October 1916 was onlv 3} inches. Some of the apical, malformed leaves

became pale yellow prematurely and fell down. The lower leaves became

covered profusely with the white mildew.

31s October 1916.—The total apical growth of the plant from 19th September to

31st October 1916 was 4i inches

Such leaves, if served to Bomhijx mori caterpillars, cause Flacherie

and Grasserie in the worms {vide letter from Mr. A. C. Ghosh, Superin-

tendent of Sericulture, Bengal). The apical leaves become crisp with the

presence of the mealy-bugs on the top shoots of plants and contain very

little succulent matter in them. It is no wonder if worms fed on such

leaves should develop Grasserie and Flacherie.

At Pusa Phenacoccus kirsutus has been found by me on Moms spp.,

cotton and on potted Ficvs religiosa plants kept near the potted mulberry-

plants to study the life-history of the White-fly. Close to the potted

mulberry-plants were also Eugenia jambolana, Ficus glomerata, sugar-

cane, paddy seedhng, and Citrus decumana plants, but none' of these was

found affected. During the present winter, fully matured and gravid

female P. Mrsutus have hibernated on Ficus religiosa plants in pots and

I was able to rear one complete cycle on these plants. Late in October,

when Spalgius epius caterpillars appeared, they cleared away whole

colonies of P. Ursutus on the potted mulberry as well as on Ficus religiosa

plants. On mulberry plants in pots I have found Pseudococcus virgatus.

to occur along with P. hirsuius, but the nymphs and females of ti^e
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former may easily be distinguislied from the eggs, nymphs and adults

of the latter by the following prominent characteristics :

—

Pseudococcits virgains, Ckll.

Egg, pale yellow, ovoid ; nymph, pale yellow with a pair of whitish

caudal setse ; female stout, thinly covered with white meal,

with a pair of whitish setse at caudal «nd, the lateral margins

as well as the venter covered with small, white hairs, especially

so when gravid and about to lay eggs.

Phenacoccus hirsutus, Green.

Egg, cylindrical, bright pink with one end sufEused with bright pink;

nymph, bright pink, thinly covered dorsally with a thin

whitish meal (in some cases when attended by ants the meal

wears of?) ; adult female bright deep pink with a light fuscus

tinge, ovisac of whitish felted threads which envelop the

female entirely. The eggs are laid touching each other within

the cretaceous white ovisac.

Besides these, the presence of the nymphs and adult females of

Pseudococcus virgatus does not cause the crumpling of the apical leaves

and the subsequent malformation of the apical heads. In a series of

experiments conducted with the nymphs of Pseudococcus virgatus, along

with those of Phenacoccus hirsutus, to find the malformation of leaves

and shoots caused by the two mealy-bug«, it was found that in one or

two instances there was a slight crumpling of the leaves caused b}'" P.

virgatus, but it was not so striking as the curling of the leaves caused by

Phenacoccus hirsutus within the same length of time. If, however,

the nymphs and fema'es of P. virgatus strayed over and got mixed with

the nymphs and adult females of P. hirsutus, they could be separated

easily by their colour differences as well as by the presence of caudal

setae. The case was, however, different when P. hirsutus occurred on

cotton along with P. corymhatus and P. virgatus. In such a case as this

there was no difficulty in first separating P. hirsutus from P. virgatus,

and then dift'erentiating between P. hirsutus and P. corymhatus. To do

this satisfactorily some experience is however necessary. The two mealy-

bugs may, however, be distinguished on the plants by means of the

following superficiul t^\aracteristics. To do the differentiation critically,

the specimens must first go through the usual mounting technique and

then an examination of their pygidial ends will give characters suffi-

ciently distinct. The eggs of P. hirsutus lie loosely within the female

ovisac and are bright pink in colour with one end suffused with scarlet.

The female is bright pnik Vv^ith an ovisac consisting of white, cottony
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threads. In the case of P. corymbatus the adult female is dark castaneous

with a globular cottony ovisac consisting of fine white threads enclosing

the eggs which are chocolate-brown in colour, suffused at one end with

dark castaneous.

From July to the middle of October 1918 P. corymbatus overran

the cotton plots to such an extent that the crop was damaged
to a very large extent. Like P. hirsutus, it also produces malformation

of the shoots of cotton plants. The apical leaves, although they do not

turn deep coppery green, become brittle and the stems swell up. The

heads become hard and compact and the affected plants are thrown

back in growth, and in a climate like Pusa (which is not a typically good

place for cotton-growing) the initial retarding of growth of plants at a

time when their growth should be very vigorous tells prejudicially on the

cotton outturn later on. The plants are unable to recoup the loss and

as such remain stunted in growth. The flowering is also retarded, and,

coupled with the damage done by the bollworms {Earias fabia and E.

insulana) the crop may to all practical purposes be said to be a failure,

and the present season's crop (1918-19) is illustrative of the damage done

by P. corymbatus, P. hirsutus, Machcerota planitice and Eriophyes sp.

{gossypii ?). From the middle of October onwards P. hirsutus prepon-

derates over P. corymbatus, and, if an examination is made, it will be

found that gravid females of both the species are to be found side by side

of each other on the cotton top-shoots. During July-September

both P. hirsutus and P. corymbatus fall a prey to Eiiblemma sp.

(near quadrilineata) , but the latter is. much affected by Drosoi^hilid

flies whose cocoons are to be found in the affected top-shoot in

numbers.

The females when matured remain on the spot on which they had

fixed themselves in the larval stage. Sometimes they change their places

and cluster together on a stem, the base of leaf-stalks, or the axils of

leaves. When full-grown they are bright pink in colour dorsally as well

as laterally, covered with thin, cretaceous, white, flocculent threads.

On some portions of the plant a number of females may be seen laying

eggs side by side of each other. The ovisac consists of white cottony

threads and covers up the female with eggs completely. The ovisac

on account of its milk-white colour becomes a prominent object against

the greenish background of the leaves, or the russet-brown colour of

the stems or the russet-yellow of the leaf-stalks, and as such can be easily

spotted and collected. The female lays a large number of eggs and in

one instance the number of eggs was found to be 232. The cretaceous

white ovisac, if removed from the pygidial end of the female, grows again

and the flocculent material covers up the eggs. The female, if disturb
e^j^
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at the time of laying eggs, becomes restive, moves about for a time,

settles down and begins laying eggs. If again disturbed it moves about

for some time and again begins laying eggs. From close observations

made for a full year, it was found tliat in all tbe cycles the female lays

eggs whicli take from 5 to 8 days to batch according to the time of the

year.

The female lays bright pinkish eggs which remain covered within

the ovisac. Each egg is bright pinkish, suffused at one end with bright

scarlet. The eggs lie loosely within the ovisac covered with whitish

flocculent threads forming the ovisac. Each egg is 0-36 to 0-39 mm.
long and 0-15 to 0-21 mm. broad. It is cylindrical, rounded at both

ends. The chorion is covered thinly with meal owing to its being covered

with the flocculent material forming the ovisac.

The nymphs on hatching move about the plants. They generally

gather together on the apices of branches, the leaf-stalks or the tender

stems below shoots. They are gregarious in habits and their presence

is known easily by the presence of the ants {Monomorium indicum) which

attend upon them for the sake of the honey-dew. In this case it. was
observed that the amount of honey-dew exuded by the nymphs was not

so copious as to cause the development of the black fungus on the lower

leaves. When full-fed they either remain at the same place of feeding

or move about to establish themselves on some other part of the plant,

and here too their presence is betrayed by the ants which find them out

soon. The male nymphs shift their places and have been observed to

collect together on the lower surfaces of leaves, preferably near the midribs,

leaf scars on the stems and branches, any cavities or holes on the stem,

or the lower surface of malformed leaves. At times they have also been

seen to collect together near the gravid females and so near their ovisacs

that they might be taken to have pupated under Ihe female ovisacs.

Prior to pupation the nymphs become covered with their whitish silken

threads and when several puparia coalesce together, the spot looks white

with the flocculent material enclosing the puparia.

x4 fully-developed female before laying eggs is 2 52 mm. long from

apex to end of pygidial lobe and 2-70 ram. from apex to end of caudal

setee, greatest breadth over abdomen transversely dorsally is 1'47 to

1 50 mm., greatest breadth over cephalo-thorax dorsally is 1-11 mm.
Body deep red, antennse and legs stramineous, dorsum covered with

thin white meal, abdominal segments distinct dorsally, small hairs on

the peripheral margin, pygidial lobes prominent, each with a seta, and
'

a. pair of thick cretaceous white stump-shaped threads in the middle.

(The above description is of a female removed from an affected shoot prior
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to laying eggs, floated on distilled water and stifled with chloroform.

It was not treated with K H).

From March to October, each complete cycle lasts from 24 to 29 days.

Later on, with the advance of cold, the period becomes lengthened.

The bug has hitherto been seen by me at Pusa on mulberry, cotton

and Ficiis religiosa. If a close search be made it will be found to be

distributed widely.

The nymphs as well as the females are parasitized by three species

of Chalcididse. Of the three, one species of Chalcidid parasitizes the

nymphs very largely, so much so that numbers of parasitized nymphs
may be seen on the infested plants. The parasitized nymph swells up,

beconies cylindrical with both the ends swollen, its colour turns to dirty

yellow and it resembles a cylinder in miniature lying loosely either in

the affected shoots or the axils of leaves. During the winter this parasite

has been found to hibernate in the pupal stage in the bodies of its host

which has segregated itself either in the cracks on the stem or curled-up

leaves where a number of females have congregated to pass the winter.

Besides the three species of Chalcididas which parasitizes the nymphs
and the females, a Cecidomyiad fly* is parasitic upon the eggs, the nymphs
and the gravid females. The fly lays its eggs loosely on the female ovisac

and in some instances eggs were found amongst the eggs in the ovisac.

The maggot on hatching sucks the eggs dry and pupates within the ovisac.

The empty eggshells remain within the ovisac near the pupae of the fly.

In several cases the predaceous maggots were seen sucking the matured
females. The maggot fixes itself on the sternum of the female and
inserts its rostral setse so firmly that the female remains squirming or

shaking its legs. Only in a few cases has the maggot been seen attacking

the nymphs, whose shrivelled bodies were found interspersed on the

pupse. The adult Cecidomyiad is dark-pinkish with pale-stramineous

legs and antennae which are thinly hairy. The female is more robust

than the male and may be distinguished easily from the male on account

of her size and genitalia. The wings are clothed with small, black hairs

and the first tarsal joint is very small. The claws to tarsal joints are

simple, the thorax as well as the abdomen is thinly hairy. The fly is

prominent from August to November and thereafter hibernates in the

pupal stage amidst the colonies of females on the affected shoots but

mostly in the rugosities or deep cavities on the stems.

The caterpillars of Euhlemma sp. (near quadrilineata) are also pre-

daceous on the nymphs and females. They devour these with avidity

and their pupse are found in the midst of colonies of nymphs and females.

* This fly has since been named by Professor E. P. Felt as Diadiplosis indica.—
EdUar.
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These, along with the caterpillars of Sjjalgius epius clear away the

colonies on mulberry as well as, on Ficus religiosa. The latter appears

late but is very effective in freeing the plant of its pest. In one instance

a single Sjyalgius epius caterpillar was observed to have cleared away the

colonies of the mealy-bug on a large-sized mulberry plant. The cater-

pillar moves about quickly from branch to branch devouring the nymphs

as well as the females. When fall-fed, it pupates on the leaves of the

infested plant. Hitherto no parasite has been found on the eggmasses

or on the adult males of Phenacoccus hirsutus.

26.—A NOTE ON OUR PRESENT KNOWLEDGE OF INDIAN
THYSANOPTERA AND THEIR ECONOMIC IMPORTANCE.

Bij T. V. Ramakrishna Ayyar, B.A., F.E.S., F.Z.S., Actiug Govern-

jnent Entomologist, Madras.

Though one of the major sub-divisions into which the great class of

insects is divided, the Order Thysanoptera is one which has hardly

received any serioiis attention till now from Entomologists in India.

In America and other Western countries the importance of some of the

species of this Order has been realized and a good deal of work has been

done in this direction. Some, of the well-known pests of this group in

western countries are the pear thrips, orange tlirips, tobacco thrips,

wheat thrips and so on. Though many of the forms of this group are

found in flowers and are apparently harmless, the group as a whole

should not be considered so harmless as we are often led to believe. I

have, therefore, attempted in this note briefly to review our knowledge

of Indian forms so far known and add a few remarks as to the economic

importance of the group as a whole and of some of the species in parti-

cular.

So far as I have been able to find out the following appear to be the

previous records of Thysanoptera from India. UzeFs Monograph of

this group, which was pubUshed. in 1895 and whicli unfortunately is

ill the Bohemian language, according to Lefroy records only two Indian

species, viz., Idoloikrips halidayi, Newm., and Phtocotlmps anacardii,

Newm., both from South India.

The later records of species from India are mostly by Bagnall. This

well-kno^A^l Thysanopterologist has described the following species up-to-

date so far as I know :

(1) Panchcetothrips indicns, p. 257, Records of the Indian Museum VII, 1912—on
turmeric, Madras.

(2) Heliothripsindicus, -p. 291, Annals and Magazine of N. H.Xll,lQlZ—on onion,

brinjal, indigo, etc., Bengal.

(S) Physothrips lefroyi, p. 290, Annals and Magazine of N. H. XII, 1913, on tea

flowers, Bengal.
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Arrltenothi'ips retnahrishnae, Hood, on Mimusops
elcntji leaves ; <(, eggs ; h, young ; c, winged adult. All

figures are magnified ( x16), the smailer figures within dotted

lines showing the natural sizes.
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(4) Physoihrips vsitatus, p. 291, Annals and Ilagazine of N. H. XII, 1913 on
flowers of Butea Jrondosa, Allahabad.

(5) Phoxothrips breviceps, p. 380, Annals and Magazine of N. H. XIV, 1914 on
wild plants, Himalayas.

(6) Leeuwenia indicus, p. 377, Annals and Magazine of N. H. XIV, 1914 from
Burma ; on wild plants.

(7) Hindsiana apicalis, p. 323, Annals and Magazine of N. H. XV, 1915 Almora
(North India) ; on wild plants.

(8) Physoihrips longicej)s, p. 221, Annals and Magazine of N. H. XVII, 1916—on
Rhododendron, Garhwal (North India).

(9) Tosniothrips major, p. 216, Annals and Magazine of N. H. XVII 1916 on
Rhododendron, Garhwal (Himalayas).

(10) Apiinothrips ruficomis var. connaicornis, Uz., p. 205, Annals and Magazine of
N. H., 1918^on tea flowers, Darjiling. •'

(11) Haplothrips tenvipennis, p. 206, Annals and Magazine of N. H. 1918 on tea
and rose, Darjiling.

(12) Physoihrips seiivenlris, p. 65, Bulletin of Eniomological Research IX, 1918
tea ; North India.

(13) Physoihrips brunneicornis, p. 206, Annals and Magazine of N. H. 1918
rose, Darjiling.

(14) Physoihrips peculiaris, p. 206, Annals and Magazine of N. H. 1918
lucerne, Pusa. ' ''

In 1915, my specimens of Thrips collected on paddy from Madurantakam (Chinaleput)
were described by Mr. Williams in the Bulletin of Entomological Research
p. 353, to belong to a species of Thrips and was named Thrips (Baonallia)
oryzce, being the first record of a species of the genus Thrips from India.

Eecently I forwarded some of my material to Mr. Hood of the United
States and lie has so far identified the following new forms from my lot
The descriptions of these have not yet appeared in print. [Since appeared
in Insecutor Inscitice Menstruus, April 1919.]

(1) ArrJienothrips ramakrishnce (Plate 99). On Mimusops elengi, Coimbatore
(2) Rhipiphorothrips cruentatus. On grape t^ine leaf, Coimbatore.
(3) Scirioihrips dorsalis. On chillies and castor shoots, Coimbatore.
(i) Neoheegeria indica. On ^4 iZan/Aws shoots, Coimbatore.

* *

(5) Perissothrips parviceps. On Ailanthus shoots, Coimbatore.

The above appear to be the species so far noted from India till now.
Speaking of the economic side of Thysanoptera, there are some species

which are really very injurious. Thijps oryzce on young paddy does
considerable damage in certain seasons in different parts of South India
There are, I know, one or two species of Thrips {Phijsothrips) which often
give a good deal of trouble in the tea gardens, as Mr. Andrews will be
able to tell us. The turmeric thrips {PanchcBtotlirijJs indicvs, Bgl.)
is sometimes found bad also. The onion crop in different parts of the
country is often seriously injured by Thrips (Heliothrips indicus). The
one on Mimusops {ArrJienothrips minakrishncB) is very serious on this
garden plant in Coimbatore. The Jeaves are twisted and galled and the
plant suffers considerably. The grape-vine Thrips (Rhijnphorothrips
cruentatum) is also capable of doing appreciable harm to the tender
foliage of grape. I have recently noted a species on young pepper
leaves, curling up the leaves, and the species appears similar to one
noted on pepper in Ceylon {Gynaikothrips karnyi, Bgl.).
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Mr. Ramakrislma
Ayyar,

Mr. Senior -White.

Mr. Ramakrishna
Ayyar.

Mr. Andrews.

Mr. Ramakrishna
Ayyar.

Mr, Fletcher.

Mr. Senior-White.

Mr. Fletcher.

Mr. Senior-White.

Mr. Ramakrishna
Ayyar,

Mr. Senior-White.

Mr. Ramakrishna
Ayyar.

Mr. Andrews.

I have witlL me material collected on indigo, red gram, agathi, ground-

nut, etc., some of whicli have occasionally given trouble. Thrips are

generally believed to be harmless although there is no foundation for this

belief. In favourable seasons they multiply enormously and give great

trouble.

So my idea is to invite your attention to the economic aspect of the

several species of Thysanoptera and point out that this is a group which

is well worth special study not only from a scientific or systematic aspect,

but from the standpoint of Economic Entomology also. There is plenty

of literature on foreign species by Haliday, Hood, Moulton, Bagnall, etc.,

although there is very, very little on Indian forms.

I am thinking of specializing in this group and shall be glad if any

collectors will send me in material.

Do you want specimens sent in spirit ?

Yes ; that will do.

Do Thrips do damage in the Hills or Plains ?

Everywhere, both in the Hills and in the Plains.

Thrips are very common everywhere in India and probably do much

more damage than has been observed so far. We must have a very

large number of species but they have not been collected so far. At

Pusa we get a very handsome species, bright crimson and green, on Ficus

about December.

Some species are aquatic.

Are they aquatic in the real sense of the word or is it that you have

found them sitting on the surface film ?

Probably they were only sitting on the surface of the water.

They are also found under bark and in old posts.

They cluster on plants.

I have tried spraying with plain water and that is quite sufficient to

kill them. We have not tried this on a large scale.

Water may work in some cases, but not in all. Thrips on tea make

the leaves curl up and are often found in partially opened buds and are

therefore protected and in such cases the only spray that can do any

good should be very volatile so that the fumes can get inside the buds and

curled-up leaves. I have foundXEX quite goodas a spray. Thrips may

occur for years without doing any damage but, if the plants are attacked

by another insect or weakened in any way, then the Thrips may cause

considerable damage. In one case in Cachar I noticed in one year that

the tea was very badly attacked by Red Spider and in this case it did

not flush but after some time it started growing slowly but its growth
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was cliecked by Thrips. The growth in the Plains is more rapid than in

Darjiling and therefore Thrips do not do so much damage in the Plains.

I have found four species which I have sent to Mr. Bagnall. Three of

these have been named and the fourth is still unidentified. This un-

identified species is the one that got into this checked tea and hindered

its growth. The first year the attack was severe. The second year it

was mild and the third year it did not affect the tea much.

The three named species are Physothrips lefroyi, Ph. setiventris (referred

to in the Report of our Second Meeting as the "Common Thrips " of

tea), and Haplothrips tenuipennis (referred to as the " Black Thrips
"

of tea).

In Darjiling, rose, Hibiscus and most other flowers are crowded with

Thrips. In Jorhat we only get one species of Thrips on flowers of rose.

Thrips do more damage to plants when the growth is slow and, if the

growth quickens, they are thrown oflt.

The life-histories of the Common Thrips [Physothrips setiventris] and

of the Black Thrips [HapJothrips tenuipennis] are different and so we have

to use different sprays and different methods for each. The pupse of

the black Thrips are found amongst lichens covering the stems of the

bushes and so, by removing these Hchens, you kill the Thrips. The

pupse of the common Thrips ar6 found in the soil and are very difficult

to get at, as the methods applied in the case of the black Thrips are not

suitable. The more you cultivate, the deeper they go. If you cultivate

as far down as eighteen inches, they will go further down to pupate.

When I suggested different cures to different planters they asked me why
I suggested one thing to one man and a different thing to another man,
the reason being these differences in habits of distinct species. This

proves how essential it is to know the species and its life-history and
habits before suggesting remedial measures.

Dr. Butler's experimental plot of fur suffered very badly from Thrips Mr. Misra.

last year.

We made experiments on onion Thrips by forcible spraying with Mr. Ramrao.

water but found that this was of no use. Crude-oil emulsion and fish-

oil soap could not kill them at a strength of one pound in four gallons

• of water, but one-and-a-half pounds of fish-oil resin soap in four gallons

of water kept them in check. We had a species of Thrips on cabbage

and we sprayed it with this mixture.

Fish-oil resin soap on edible cabbage ? How could you do it ? What Mr. Ramakrishna

i,bout the smell ? Ayyar,

In Baroda we had Thrips badly attacking lucerne. AVe tried a water Mr. Patel.

spray but it was no good. We then applied the following measures :

—

one man was made to disturb the plants and another following him with
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Mr. Ramrao.

Mr. Gbosb.

Mr. Andrews.

Mr. Ramachandra
Rao.

Mr. Ramakrishna
Ayyar.

burning cowdung cakes in a pot ; the Thrips jumped into this and more-

than seventy-five per cent, were thus destroyed by the smoke.

What about the larval stages ? They cannot fly.

But they can jump away, although without wings.

Thrips can jump backwards and forwards equally easily.

There are two or three species of Thrips in Lantana flowers. One

species is useful in the fertilization of the flowers. I conducted experi-

ments to prove this. I enclosed some flowers in paper bags and removed

all the Thrips ; there were very few seeds in such flowers. In another

lot I enclosed Thrips in the bags and all these flowers formed seeds.,

I am sure that some Thrips are important in pollination.

It has been recorded that Thrips are very useful in pollination.

27. -THE METHODS OF CONTROL OF AGROTIS YPSILON IN.

BIHAR.

{Cornell), Officiating Economic Botanist, Bihar

and
^By H. L. DuTT, M.Sc. A

(7) Cultural MetJiod. In order to discuss the cultural method of

its control, it will be advisable to consider the character of the soil in

the chaur land. It is a stifJ heavy clay and cultivation can be commenced

on it ten days after the flood water has left the land and can be continued

from fifteen to twenty days, after which it is so hard that it cannot be

ploughed. Ordinarily the cultivation consists in one ploughing followed

by dibbling behind the second plough or by a country seed drill, depending

on the moisture in the soil. The fact that the land on account of its

gradual slope does not all dry simultaneously enables the sowing to be

carried on for at least a month, although some land is generally left fallow

every year owing to its being too hard to plough.

(a) From the habit of the caterpillar it is reasonable to suppose that

if the land is properly cultivated, i.e., if ploughed four or five times before

sowing, as in high land, the pulverized condition of the soil would, to

some extent, check the activities of the pest. But the character of the

soil, as noted above, does not allow of any such cultivation unless, of

course the number of ploughs working on the whole area is considerably

increased. So, as a general control method for the whole area, it is not

practicable, since 15,000 to 20,000 bighas have to be finished within a

month,

(6) There is another system of sowing common in the lower areas of

the chaur, viz., broadcasting. It consists in scattering the seed on the

land immediately after the water has left it, i.e., when it is still muddy.
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It has been seen invariably that the crop on a broadcasted area is less

liable to damage than that on a ploughed area. This is on account of

the fact that in the former, the surface of the land being smooth (with

cracks here and there) does not give as good faciUties for locomotion

and hiding to the caterpillar, as the ploughed land with its surface com-
posed of blocks of soil of all sizes. Broadcasted areas are by no means
immune from attack, as many instances are known of their being damaged
as badly as other areas. But its greatest drawback is that the outturn

from broadcasted areas is very poor and a cultivator takes to it only

when there is no other way of taking a crop on the area. The method
cannot therefore be generally adopted.

(c) Nothing can be done to prevent Agrotis attack by way of changing

the crop, as those groTMi in the chaw (peas, gram, wheat, masur, kJiesari,

mustard, etc.) are all acceptable to the caterpillar, although it has a

decided preference for the first three.

(77) Chemical Method. Considering the enormous extent of the area,

chemical methods are out of the question. Poison baiting was tried at

Mokameh in 1910 but it proved useless under the conditions prevailing

in the area.

(777) Mechanical. As a result of the last eight years work in Bihar

against this pest it has been seen that it can be most satisfactorily con-

trolled by the use of Andres Maire traps against the parent moths
supplemented by handpicking the first brood caterpillar & on higher land.

The result of the w^ork since 1911 is given below.

Year
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the caterpillar feeds on a weed called " Agra " {Xanthium stnimarium).

In order to see the effect of the destruction of the weed on the first brood

of caterpillars, the whole area in question at Ghogha was completely

freed from the weed in 1917-18. But the result of the experiment was

not satisfactory. The first-brood caterpillars were found, in the absence

of the weed, on tobacco, kulthi, etc., on higher lands surrounding the

area. Destruction of the weed food-plant does not therefore appear to

have any chance of keeping the pest under control.

(7) By Parasites. Under field conditions the caterpillar has several

parasites of which two Braconids are more in evidence than the Tachinids

of which there are more than one. Of the Braconids again one is more

numerous than the other. These parasites are first observed in the

field in October when the percentage of parasitization is very low but this

however gradually increases towards the end of the season. Ordinarily

it becomes 30 per cent, on an average by the end of December but in 1918

it was 74 per cent, in one plot at Ghogha. With a view to finding out

the possibilities of the parasite against Agrotis attack in the chaiir land,

its Hfe-history was completely worked out in the Insectary at Sabour

in 1917-18. The idea was that if a large number of adult parasites could

be liberated in the normally attacked area early in the season, they would

by attacking the first brood caterpillar make the second or the destruc-

tive brood negligible. As regards its life-history, it has been found out

in the Insectary that in January to February the length of its egg and

larval stages is 25 days and the pupal stage is 11 days—total 36 days.

In March the periods are 17 days and 8 days respectively—total 25 days.

In April the length of the egg and larval stages is 12 days only. It goes

into Eestivation in March or April and remains as a grub inside the cocoon.

What is still unknown about its life cycle is the time when it comes out

of its aestivation in the chaur land. Presumably it does so along with the

appearance of the first brood caterpillars in the chaur in September or

October, when, its numbers being very small, on account of the exigencies

Cf chmate and adverse chaur conditions during the sestivating period,

the percentage of parasitization is very low. With the idea of giving it a

fair start against the first brood in the beginning of the season, by in-

creasing their number, large broods of the parasite were reared in the

insectary in February and March 1917 and allowed to go into aestivation

in April. The grubs inside remained healthy through the summer and

the rains and even in the first week of October they were ahve, but they

failed to pupate and come out as adults. The same experiment was

repeated in the Insectary in 1918 with no better results. It is evident

that the natural factors controlling their emergence from the aestivating

pupae did not obtain in the Insectary. As it is not definitely known

1
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what these factors are, efforts will again be made this year to find these

out, SO as to be able to have ready a large number of live adults for in-

oculating the first brood caterpillars in the chaur early in the season.

The object in view may also be accompHshed by work in another line

and that is by first ascertaining if the Agrotis ypsilon caterpillars, which

are reported to be found in the Hills during the rains, are parasitized

there and, if so, by introducing a large number of affected caterpillars

from the Hills in August and September and rearing them out for use

in the chaur. Work on this line will be taken up this year along with

the trial in the Insectary for carrying through the local parasite during

the sestivating period.

28.—CONTROL OF THE MELON-FLY IN HAWAII BY A
PARASITE INTRODUCED FROM INDIA.

By David T. Fullaway, Honolulu, H.I.

The Hawaiian Islands are situated in the midst of a vast ocean.

They are completely isolated from the continent, so that insects de-

trimental to agriculture camiot easily reach them. But with the de-

velopment of trade on the Pacific, the Islands have become a commer-

cial crossroads, a day seldom passing without a steamer putting into our

main port, and despite the strict inspection and quarantine of horti-

cultural products a serious pest now and then does slip in. Our equable

climate permitting almost continuous breeding, an excessive multipli-

cation and rapid spread of the pest soon result. Thus it was that

the melon-fly {Chccfodacus cucurbitae) gained access to the islands about

1895, and thereafter melons of any sort could not be grown successfully.

A somewhat similar experience later with a more destructive insect,

the Mediterranean fruit-fly, aroused public interest to the extent of in-

ducing the Government to experiment with the possibility of controll-

ing the injuriousness of the fly by searching out and introducing its para-

sites, that is to say, other insects that were known or could be ascertain-

ed to live at the expense of the first. Parasitism among insects is a

very common phenomenon, which even the layman to-day is acquainted

with, and the check which this parasitism exerts on the multiplication

of insects is also well-known. It should be pointed out here that the

same circumstances which prevent the migration of injurious insects

to our isolated islands, also prevent beneficial insects from reaching us.

Likewise, the same causes which lead to the rapid spread and excessive

multiplication of injurious introductions, operate equally on the bene-

ficial ones that prey upon them. " In other words, the method of con-

trolling injurious immigrant insects by the introduction of their para-

o2
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sites is particularly applicable to Hawaiian conditions. The experi-

ment that was tried with the Mediterranean fruit-fly was successful to

a very large degree and induced the Government to go further and see

what could be done to control the ravages of the melon-fly. In this

way the writer was engaged in July 1915 to investigate the parasitism

of the melon-fly and obtain whatever natural enemies could be disco-

vered.

Before going on to the detailed account of the expedition, it should

be stated that when the search for melon-fly parasites was begun, our

knowledge of the fly outside of Hawaii was very limited, consisting

almost wholly of the probable distribution of the fly gained from the

meagre records of Compere and Muir and the publications of the Im-

perial Entomologist of India. Nothing positive was known of parasites,

although Muir's accounts of the relative scarcity of the fly in certain

localities gave a measure of confidence to the assumption that parasites

existed.

In regard of the facilities offered by the Government laboratories

in India, it was considered that it would be the country to work first,

and on 23rd July I set out with the intention of going directly to Pusa

in India. When I reached Manila, however, I went up to Los Bafios

to have a conference with Muir, and it was largely on his recommenda-

tion that I decided to work first around Singapore.

While at Hongkong, 17-20th August, on my way to Singapore, I

made a short trip up the river to Macao, where Muir and Kershaw had

worked considerably, to determine its suitability as a breeding station

on my probable return with parasites.

Leaving Hongkong on the 20th, I arrived at Singapore on the 26th,

located a supply of infested fruit in some Chinese vegetable gardens,

and set up my laboratory in a room over the hotel garage. Here I

worked over a month, rearing melon-flies out of cucumbers and a few

Mcmoraicas and Lvffas. At the end of a week, on opening some of the

puparia, I found a single female O-piiis, and shortly after two males,

and felt encouraged to go on. However, although more than 6,000

flies were reared, no further parasites were obtained, and I decided to

continue on my way to India. I attribute the meagre results obtained

in Singapore to the character of the fruit used, and the manner of its

cultivation. The only cultivated cucurbit to be obtained in any quan-

tity is the cucumber, which is produced by Chinese market gardeners

under conditions which are very favorable to mould—the ground where

these gardens are is low, and it is the custom of the Chinese to wet

down the beds three or four times a day with liquid manures. I think
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if wild Momordicas could have been obtained, the parasites would have

been more abundant, but under the conditions described, the parasites

have little chance to multiply.

The method used to ascertain what parasitism existed was very

simple. Infested fruit was placed in cages on sand, and as soon as the

maggots had emerged and pupated, the sand was screened to separate

the puparia, which were then placed in shell vials. After a few days,

the flies would emerge from unparasitized material, and these were

liberated daily until emergence ceased. The material was then gone

over and everything discarded except the sound puparia, which would

be suspected of containing parasites. When parasites emerged they

were conducted as soon as possible into 6"xl" test-tubes containing a

fresh leaf holding drops of honey and water. About twenty parasites

can be kept in good condition in a single tube and if carefully attended

they can be expected to live at least a month. If necessary to hold

longer, they can be reared in confinement wherever a good supply of

infested fruit can be obtained.

At Singapore I had the misfortune to lose part of my equipment

and I utilized the time necessary to have it replaced in investigating

melon-fly conditions in Java. It is only a 36-hour run from Singapore

to Batavia, and another 3-hour journey on the railroad to Buitenzorg,

the seat of Government and location of the scientific laboratories. The

director of the scientific work, Dr. Konigsberger, showed sympathetic

interest in my mission, and kindly offered me a desk in the Strangers'

Laboratory. I spent nearly a month in Java, 10th October to 6th

November, and in this time reared between 4,000 and 5,000 flies. In

due course the material disclosed the parasite found at Singapore, and

I was able to take a small lot of males and females away with me. My
time in Java was limited, and the work done there was done too hur-

riedly to give anything more than an impression of the conditions, but

the impression was very favorable. Cultivated fruit was scarce at

that season of the year, and Momordicas were used very largely in rear-

ing flies. These fruits are not cultivated in fields or gardens, but are

grown by the natives around their houses, and are, therefore, very much
scattered. The cultivated fields appeared clean, and I was told that

two pickings are usually secured before an infestation is noticed, A
large ground-beetle was very active here.

On returning to Singapore, I found a letter from Muir giving en-

couraging information in regard to the Philippines, but I had already

made my plans to go to India, and was obliged to defer the investigation

of this new field till later.
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Leaving Singapore on the 9tli of November, we arrived at Nega-

patam on tlie 16th, and from there I proceeded by rail to Bangalore,,

in Mysore State, a locality highly recommended by Compere. I may
say that the idea of going to Pusa had to be abandoned on account of

the low temperatures prevailing there during the winter months. I

found Bangalore suited to my purposes, although it is not, as I had

expected it to be, in a rich agricultural or fruit-growittg-seetion ; it is

one of the hill stations of India, in normal times with a garrison of more

than 10,000 troops, and on account of its fine climate, has attracted

many Indian pensioners. It was natural, therefore, to find on the out-

skirts of the city extensive garden's, and my first examination of these

revealed the melon-fly. I utilized a small room in the hotel as a labora-

tory, and was soon rearing hundreds of flies. Before I had a chance

to breed the parasites brought from Java, the same species appeared

in Indian material, and in a very short time I had a flourishing colony.

I spent five weeks or more in India, rearing about 10,000 flies. Out

of these Ojn^s fietclieri came abundantly, and I was also able to culti-

vate a small lot of Spalangia ; but nothing further appeared, and after

my own extensive work and the assurance of Mr. Fletcher, the Imperial

Entomologist, that nothing else had ever been bred by them from D.

cucurhitae, I decided I had exhausted this field and it was time to move

on to the Philippines. All the while in India I was looking closely for

Syntomosjihyrmn indicum, the fruit-fly parasite introduced by Com-

pere into Australia, by Lounsbury into the Cape, and by Silvestri

into Italy, but I saw nothing of it, and the Indian Entomologist could

give me no information about it beyond what I already knew.

Leaving Bangalore on the night of 23rd December for Colombo, I

was detained by the Indian police at Dhanushkodi for three days en route,

but arrived in ample time to catch the Spanish mail (31st December)

and after an uneventful voyage of 18 days reached Manila with about

75 livins; examples of the Indian parasite, Oj^rws fletcJieri, which I had

carried with me on leaving India. While stopping in Singapore I had

also secured infested fruit to breed the parasites en ronte, and from this

material I subsequently got 64 additional individuals.

• In Manila I received very generous assistance from the Bureau of

Agriculture and Science, and established a laboratory in a room set aside

for me at the latter institution. I found fruit very scarce and prac-

tically no cultivated cucurbits. Under the circumstances, I was obliged

to depend entirely for rearing and breeding purposes on Momordicas.

These fruits are dry and do not give the same trouble with regard

to mould that cucumbers do ; at the same time they contain ver}r

few maggots, and are got only with great exertion and loss of time.
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As a consequence my stock of parasites dwindled, and I was disappointed

in the hope of finding additional species. I spent nearly three months

in the Philippines, rearing about 18,000 flies, but nothing new disclosed

itself. This seemed strange in view of the rich fruit-fly fauna there,

which is known to harbor several species of Opiine parasites. I also

lost the small colony of Sjpalangia, one generation running to males.

It was unfortunate that at the time of leaving Manila the steamer

connections were such that I was obliged to remain in Hongkong a

week. I used this intermission in the voyage to the best advantage,

but my fruit-fly parasites had dwindled to very small proportions by

the time of my arrival in Honolulu, on 10th May 1916.

From this small stock, however, the parasite was successfully mul-

tiplied and in the course of a month or two it was possible to liberate

large lots in suitable localities. This artificial propagation has conti-

nued to the present date and thousands of the parasites have been sent

out to every locality in the islands where melons are grown. By August

1916 the parasite was recovered from fruit gathered in Honolulu gardens,

and we were soon assured of the success of the introduction. At the

present time the parasite accounts for the destruction of 50 jjer cent, of

the melon-fly infesting our fruit, as ascertained from rearing parasites

and flies from dift'erent localities in the islands, and in some localities

it is again possible to grow melons successfully.

It is very kind of Mr. Fullaway to have sent us this paper in response Mr. Fletcher,

to a request on my part to give us a short account of his trip to India to

collect parasites of Chaetodacus cucurhitce. It is of considerable interest

to us and we are very pleased to find how successful this introduction

has proved in Hawaii.

29.—INSECT PESTS OF THE TEA-PLANT IN FORMOSA.
(Preliminary Report.)

By Dr. T. Shiraki, Government Entomologist, Formosa.

Tea-cultivation in Formosa is one of most important items of agri-

culture, and the annual out-turn totals more than 20,000,000 pounds.

The cultivation has improved, year by year, and at the present time

is being ^rried out more scientifically. Slight attention is, however,

given by the cultivators to tea-pests, with a few exceptions, such as

Andraca bipuncfata, Eiiproctis conspersa, and several Tortricidce.

At the Agricultural Experiment Station of the Government of For-

mosa, the pests of the tea-bush are being studied, especially those which
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are injurious. Up to the present time about fifty species have been

noticed by us, but none of them is completely studied yet. The follow-

ing brief note on each species is chiefly summarized from several obser-

vations and experiments in the fields or laboratory.

Insect pests of the tea-plant in Formosa.

No. 1.—Odontotermes formosanus, Shir. {Hime Shiroari.)

This termite is commonly found all over Formosa, while it occurs

in Burma,* Siam, Hongkong, Canton, Fokien, Ishigakijima, and Loo-

€hoo.

The imagines swarm usually in the afternoon from five to seven

o'clock from April to August, and they come down to the ground. After

a journey on the surface of the soil the couple find a cleft or hole in the

ground and enter into it. In about five or eight days the female begins

to deposit her eggs (slightly curved elliptical, 2/3 mm. long) in a roughly-

formed royal cell, not very many but twenty to thirty daily, and about a

week later the female or male carries out the eggs from the royal cell to

the other places which are galleries from the cell. The larvse which first

appear are almost always soldiers, but there are rarely found a few

workers. Afterwards the female deposits her eggs gradually, but not

on every day, and thus the workers increase in number. During this

rime the female grows longer and thicker in the abdomen and in about

a year her abdomen measures about one inch or more in length.

At that time the royal cell is almost completely formed, flat and irre-

gularly ovate (about half an inch in height and about two inches or

less in long-diameter), while the nest around (almost always above half

of the royal cell) the royal cell consists of numberless small cells con-

taining the round spongy fungus-bed, each of which connect with

one other by means of many narrow galleries. The nest is about one

inch or more in thickness and about six inches or more in longitudinal

diameter, and it is almost always roundish but somewhat flat, espe-

cially on the lower side. This nest containing the royal cell gradually

grows larger, and in the next year it becomes about twice in height or

length and in the following year thrice, and in the fourth year the nest

is about three and a half feet or more long and about one and a half

feet high. The nest described just above must be a central one,

while the other nests connected to it by narrow (about a hjlf inch or

less in diameter and about one-fifth inch or more in depth) exceed-

ingly long galleries, which are from about six feet to 500 feet, from the

* We have no information regarding the occurrence of this Termite in Burma.—

•

Editor.
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'Central nest, are accessory ones. There are many accessory nests

belonging to each central one, and these are only houses of workers or

a few soldiers. The position of the central nest varies in depth from

about half a foot deep in the soil to about ten feet or more. Apparently

this varies with the nature of the soil, this species building its nest at

different depths in difEerent localities. The colony is exceedingly large
;

the soldiers are almost always found in the royal cell and about the

termination of the outside galleries which are formed on the trunks of

trees ; the queen and king are in the royal cell and never come out from

there ; the workers live everywhere in the nest and main galleries
;

while the nymphs are only found in particular parts of all the nests.

The damage to tea-plants done by this termite is sometimes fairly

extensive, and when the attacks are severe the plant is almost entirely

plastered over with soil and it is quite withered when the earthing-

over is done in the summer season, but not wholly in a plantation.

This termite also attacks stumps, logs, timbers, several living trees

(peach-tree, ,orange-tree, camphor-tree, Acacia sp., Cryptomeria japo-

nica, mango-tree, Eugenia malaccensis L., Nephelium longan Camb.,

pine-tree, etc.), and sugar-cane.

No. 2.—Leucotermes speratus, Kolbe (Yamatoshiroari.)

This insect is commonly found in North Formosa, while it is recorded

from Botel-tobago, Ishigakijima, Loo-Choo, Amami-Oshima, Kiushiu,

Shikolm, Honshiu, Hokkaido, and Korea.

This widely-distributed termite forms irregular cavities under or

in rotten boards, timbers, decayed logs, stumps, fallen trees, etc., and

constructs outside them narrow fragile galleries. The colony is rather

large, generally consisting of numerous workers, fewer nymphs, soldiers

and larvse. The wdnged insects swarm on a warm day in April or May.

There are sometimes 'neoteinic queens, although the usual mode of re-

production is performed by a king and a queen. We often suffer from

the damage done by this termite to wooden buildings, furniture, bridges,

telegraph posts, sleepers, etc., and very rarely to the tea-bush and cam-

phor tree. The injuries to the tea-plant are almost always very slight,

but, if the attack of this insect occurs at thei.ime that the plant has been

cut off near the soil surface for pruning, it often causes the plant to

wither.

Remedial measures for these two termites are two up to the present

time, one being the crushing of the outside-galleries plastered over

the tea-bush, and the other being the destruction of the central nest.
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No. 3.—Toxopfera citrifolia, Maki. (Kamikan-Aburamushi.)

This is one of tlie most common pests of tlie orange-tree, and it is also

found on several roses, or very_ rarely on the tea-plant, but its injuries

are very slight. This pest usually occurs in the Northern part of For -

mosa, but it is not recorded from the South.

Only one control-measure is recommended by us, i.e., the spraying

of contact poisons, and this is practised at the time that the young

leaves are plentiful or that the buds are coming forth.

No. 4.—Ceroplasfes ceriferus, Andrs. {Tsuno-Romushi.)

This giant Scale-insect is rather common throughout the whole

Island, but not so abundant that the plants suffer from it. This inju-

rious insect attacks the twigs or trunks or rarely the leaves of the

tea-plant, orange-tree, mulberry-tree, and Eugenia malaccensis, L.

No. 5.—Cero])Jc(stes flofidensis, Comst. {Mikan-Bokaigaramuslii.)

This is not common in the Island of Formosa, but we can find it

from May to July in Northern Formosa or in September to October in

the South. It is one of the rare pests of the tea-plant, and is sometimes

found on the twigs of orange, pear and mango.

No. 6.—Cero2)lasfes rubens, Mask. {Momoiro-Eokaigaramuslii.)

This species is less common in Formosa than ceriferus, but rather

more familiar to us than the preceding Scale-insect. We have found

several host-plants, of which tea, camphor, orange and Psidium guyava

are imjDortant plants in Formosa. I do not mean to state that these

plants are destroyed by this insect.

The three Scale-insects described above are rather resistant to spray-

ing with contact insecticides, but fumigation with cyanide acid gas is

recommended. The latter measure is only practised for destruction

of the scales attached to the young shoots.

No. 7.—Lecanium liemisfhcericum, Targ. {Mikcm-Tamakaigaram-

usJii.)

This is the rarest species of tea-plant Scale-insects, and its injuries

are very slight although the insect attacks the young twigs. Of its

other host-plants the orange-tree is well known. The larvae are usually

found in April or May and the imagines in September. The scarcity of

hemisj)li(jericum is mainly due to the fact that a certain species of Chal-

cidid occurs on it.

No. 8.— Chionaspis thece, Mask. {Cha-no-Nagakaigaramushi.)

This CJiionaspis occurs throughout the Island, and is very common
and abundant in the Northern parts. It is only found on the upper
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surface of leaves of tea, Cleijera ochracea, and other unknown shrubs,

but the female often occurs on the twigs or trunks.

Though occurring rather commonly in Formosa, I have never seen

this insect in injurious numbers, but it is beHeved by the natives

that this pest occasionally injures the leaves so severely that there

come almost entirely no crops from an area in the Shinko district of

Taihoku Cho. In this district the fresh patches of snowy-white male

puparia are usually seen twice in a year, one in May and the other in

October.

No. 9.—Icerya cegijpiaca, Dougl. {Egyjpt-Watahaigaramushi.)

JSfo. 10.—Icerya seychellarum, West.=okadae, Kuwana {Okada-

Watafukikaigaramushi.)

These two species are sometimes found on the twigs of the tea-plant,

but I have never seen these insects in injurious numbers, while orange-

trees are sometimes attacked seriously by the latter species so that the

growing of the plant is quite retarded or the twigs entirely withered.

All the above four scale insects are fairly easily controlled by means

of spraying with resin-mixture or lime-sulphur, whenever the insects

are in the stage of larvae or young imagines.

No. 11.—Icerya purchasi, Mask. {Watafukikaigaramushi.)

This Cottony Cushion Scale-insect has been unfortunately imported

from probably Australia in the year 1902, and then it gradually in-

creased in number and became distributed to a large extent. In the

year 1907 it was distributed all over the districts surrounding the city

of Taihoku. Afterwards the insect spread through the other districts

of Taihoku-Cho, and its injuries were a very serious matter to orange-

cultivators and others, but such an occurrence was naturally controlled

with the introduction of Novius cardinalis from Honolulu and New
Zealand. Up to the present time, it is well known that this pest attacks

about sixty kinds of plants and also the tea-plant, but the damage done

to the latter is not noticed by anyone.

No. 12.—Emjwasca flavescens, Fab. (Usuba-Himeyokobai, or Chano-

Midoriyokobai.

)

This small fly is commonly found in the tea-districts in May or June

in somewhat injurious numbers, and it always attacks the under surface

of the leaves. In every year the damage done by this insect is almost

always about thirty or forty per cent, of the usual crop in a small area

of the plantation, but never through a large area or whole district. It

is also injurious to sugar-cane, orange-tree, and mulberry-tree, and this

last is sometimes seriously damaged by a swarm of this pest. In the
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year 1911, some of the mulberry-tree fields in Taihoku-Cho were

affected by a great emergence and some serici-culturists suffered from

scarcity of leaves.

Only one control-measure, mineral oil spraying, is recommended
by us.

No. 13.—Tettigonia ferruginea var. apicalis, Walk. {Oho-

Tsumaguroyohohai.

)

This widely-distributed Jassid is commonly found throughout the

Island of Formosa, but the emergence is not abundant annually, and

I have never seen this in injurious numbers. It is generally known by
agriculturists and entomologists that this species attacks sugar-cane,

mulberry-tree, orange-tree, Paulownia sp., and the tea-plant.

No. 14.—Geisha distinctissima, Walk, {Ao-Hagoromo.)

This Fulgorid also very commonly occurs throughout Taiwan Island,

but is not very abundant. It attacks orange, tea, etc., but the injuries

are, however, very slight, so that the natives almost always take no care

of this pest.

No. 15.—Brachytrypes portentosus, Licht. {Taiwan-0-Korogi.)

This large brown cricket is our most familiar burrowing species,

found commonly through the Island, and its occurrence is rather abun-

dant, especially in sea shore districts or on sandy high-fand.

In September the female cricket burrows into the soil, about one

or two feet below, until she reaches the hard soil, where she deposits her

eggs (about 40) which usually stand in a bunch at intervals of about

9 mm. and never in contact with one another. In one burrow only a

single egg-mass is almost always found, but two or three masses may be

deposited by a single female. The eggs hatch in about a month after

deposition. Newly-hatched larvae usually live together in a burrow,

but soon after they separate and come out of the burrow. Thus each

larva burrows under the soil-surface about three to six inches, and lives

in its hole. ,At night, it comes to the surface and seeks its food, the

leaves and young shoots of plants, which it eats or draws into its burrow.

During its wandering for food, here and there, the young cricket often

loses its burrow and is forced to begin to form a new burrow for its dwel-

ling place. This reburrowing is sometimes probably repeated again.

The burrow of this species is not straight but generally curved twice or

more, and it is rather elliptical, about six to twelve inches in the long-

diameter or about from three to six inches in the short-diameter. The
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outside opening of the burrow is covered with fine sandy-soil, and
consequently the middle of the cover is always elliptically depressed..

In the early morning, if there is no cover over the exit of the burrow,
there is almost always no insect living therein.

During the rainy season we have sometimes found two or more
larvse iu a burrow, this depending on the fact that the insect never re-

burrows into the soil in this season, but it seeks the old tunnels. This
does not, however, continue for long, and one or two days after the
weaker larva comes to the surface and then begins to make its own
burrow. It is also rarely seen on the surface save when the heavy rains

flood it out of its burrow. After the fifth moult the larva comes up as

the imago, and the duration of each stage of larva is from forty to eighty

days. From May to June of the next year the adult cricket emerges
and the male comes to the surface at dusk, and pours forth its strident

note, the sustained shrill vibration being very piercing and, as one ap-
proaches, beating in the ears with extraordinary intensity. At that
time the female comes there to couple with the male, and the ovaries

of the female gradually ripen towards September.

This insect is injurious only to the young tea-plant, as it eats or
carries down into its burrow a great number of the young leaves or shoots.

It also attacks mulberry, cotton, Cryptomeria japonica, Acacia sp.,

camphor, orange, rice-plant, Sesamum indicwn, melons, cucumber,
egg-plant, potatoes, tobacco, sweet-potato, sugar-cane, and several
vegetables.

The seedlings of the plants mentioned above usually suffer from
this insect (especially of the orange-tree) while Sesamum indicum, me-
lons and cucumber are very often destroyed nearly throughout the
whole field in the sea-coast districts.

In vegetable gardens the flooding of water is the recommended
control, but in tea-gardens the application of poisoned bait is the simplest
and most effective method. This bait consists of sweet-potatoes, gin-

gelly-oil, and lead arsenate ; sweet potatoes must be cut about 7 mm.
cube, and then must be slightly dried in the sun. The dried pieces of

sweet-potato are first dipped into the gingelly-oil and then the oil must
be rather clearly draii^d out of them ; afterwards they must be powder-
ed with lead arsenate. These small baits are placed inside the burrows
(one or more in each burrow) by means of long chopsticks in the early
mornmg. The buds or small shoots of bamboo are often used by the
natives instead of sweet-potato. These are m#hf efficacious as a medium
for attracting the insect than sweet-potato, but the collection of bam-
boo-shoots is a rather laborious matter.
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No. 15.—Olegores citrinella, Shir. {Mikan-no-Hamaki.)

This Gelechiad is commonly found throughout Taiwan Island, but

is not very common. The larva is slender and long, pale greenish,

rather smooth but with a few short hairs on each somite, with the head

reddish brown, the chitinous plate on the first somite brown, and the

somites from the sixth to the end pale yellowish ; the legs are well de-

veloped but the prolegs are rather small.

This caterpillar is found throughout the whole year, and it lives in

a shelter formed by fastening together two or more leaves of a tea-plant

or oranoe-tree, but sometimes in a transversely-folded leaf, feeding on

the top of the somewhat matured leaf. I have never seen the larva

feeding on the very young leaf or bud. The pupa is about 12 mm. long,

blackish brown, with a few pale-brown anal processes, in a cocoon of

transparent white silk spun in the gathered or folded leaves. The

moth usually emerges in March or April.

The damage done to the tea-plant by this insect is very slight, and

is almost always neglected by the natives. There is only one remedy,

which is the hand-picking of the caterpillars in the fastened or folded

leaves.

No. 16.—Acria gossypiella, Shir. (Wata-no-Hamaki.)

The caterpillar of this insect is usually found in May and December

in the district of Taihoku-Cho, living in a web spun almost always

rectangularly on the mid-rib of the underside of a leaf of tea, orange,

or camphor, but on cotton it folds a leaf at the margin and lives within.

The larva is very long and sub-cylindrical, pale greenish with a rather

broad greenish yellow dorsal stripe with the head pale yellowish green

;

on the anal somite there are two long hairs and a few short bristly hairs.

The full-grown caterpillar is about 17 mm. long. When full-grown

it turns to a pale brown pupa in a very thin cocoon spun in the web

or folded leaf. This pupa is almost always curved below at the anal

half, the wing-sheaths reaching to the posterior margin of the fifth

segment of the abdomen ; the anal apex bears a rin'g of minute spines,

and in the middle of the dorsal part of the ring there is a stout short

conical process ; on the third abdominal segn^nt from the ventral

anal end there is a row of minute processes on each side of the middle.

It is about 6 mm. long. The moth emerges somewhat abundantly

towards the end of June or in the middle ten days of December, but it

is rather a minor pest'^ the plants mentioned above. Only one

control measure may be recommended, viz., collecting the caterpillars by

hand-picking, whenever this insect appe?rs in injurious numbers.
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No. 18.—Lecithocera formosana, Shir. {Taiwan-Shiro-Hamaki.)

This Gelechiad may be a rather rare species even in Formosa, and

the larva lives in a folded leaf of orange or tea, feeding on the margin

of the leaf. The full-grown caterpillar pupates in a whitish cocoon-

hke shelter in the fold of the leaf, and about a week after the greyish-

white moth emerges. Its occurrence is almost always in April in

northern Formosa.

No. 19.—Homona menciana, Walk.=^fcAtj!)s asiaticus, Shir, [nee

Wlsm
. ] (Taiivan-AtoJci-Hamahi)

This insect in Formosa was first wrongly determined as ArcJiips

asiaticus, Wals., by Mr. K. Hori, and this was followed by the present

writer. After careful study he has found that it was quite a mistake,

and now he corrects it as above.

This tortrix is a well-kno^^^l tea-pest throughout the Island of

Formosa. The outbreak is not a regular one occurring annually but is

rather spasmodic, the pest giving trouble on some particular gardens

for a few months especially during the late winter and then disappearing

for a considerable period. But in the Anpeichin-district of Toyen-

€ho it is of a rather permanent character, and is responsible for a con-

siderable annual loss of crop, the yield being sometimes only a half

or much less. The eggs are laid on the upper side of the mature leaf

and, from their pale yellow colour, form conspicuous objects on the

deep green surface of the tea-leaf. They are deposited m compact

masses, and are flattened disc-shaped objects, overlapping each other

like the scales of a fish, the whole mass covered with a film of a

gelatinous substance. After the emergence of the young caterpillars,

the eggmasses lose their yellow colour and appear white. A single

egg-mass is about 8—10 mm. long or about 5—8 mm. wide and

contains about 200 eggs on an average from 20 masses. The eggs

usually hatch in five to seven days in March to May.

The newly-hatched caterpillar is dull green, with a shining black

head, and looks rather hairy. Soon after hatching it begins to wander

about in search of suitable food, here and there, scraping the surface

of the leaf on which the eggs were laid and from which it sometimes

eats the chlorophyll. It is not satisfied to remain on that leaf, and

very soon arrives at a young leaf or shoot. It does not stay there long,

liowever, and is soon again on the move after a short interval. If it

finds a young leaf which has not been attacked by another larva, it at

once fastens two or more leaves together and lives beneath the shelter,

either by itself or with others, feeding on the enclosed surfaces of the
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leaves. Otherwise the caterpillar hangs down by a fine thread which

is sent forth from its mouth, and the thread is blo\vn by the wind until

another twig or bush is reached. After the first moult the young larvae

completely distribute themselves over the tea bush, and each indivi-

dual forms a separate shelter for itself by fastening one or two leaves

together, very often enclosing a young shoot, and within this they live

and feed. The remainder of their larval life shows no distinct variety

of habit.- As they grow they merely construct larger enclosures for

themselves and consume a greater quantity of leaves. They do not

eat steadily through a leaf, but nibble it here and there, bite into the

base of a growing bud, or gnaw a small hole in the side of a young shoot,

after which they will desert that spot and commence operations else-

where. In a badly infested field, every shoot on the bush may conse-

quently be injured, and every bush in the garden affected. The full-

grown caterpillar measures about 20 to 26 mm. in length, and is pale

greenish or whitish green, with a shining reddish brown head and a

dark bro\^^l chitinous plate on the dorsum of the first thoracic somite,

the plate surrounding a narrow quite black crescent behind which in

the middle is longitudinally interrupted by a narrow paler line. There

are almost always twelve minute tubercles on each somite of the body,

from each of which springs a fine bristly hair. The legs are blackish,

but the prolegs are very short and whitish, while the anal legs are cons-

picuously developed. The larval stage occupies about three weeks

in May or about a month in January, after which the caterpillar almost

always folds a leaf longitudinally or transversely at about its middle

or its side, and turns to a blackish-brown pupa which when newly

formed has a somewhat greenish tinge on the abdomen. On each dorsal

abdominal segment of the pupa there are two transverse rows of mmute

tubercles, the first row, near the anterior margin, consisting of two

rows of many large oval-shaped tubercles, which are in contact with

one another and are more conspicuous, while the second, near the

middle, is composed of very minute dot-like tubercles and is rather

inconspicuous. The anal segment is narrowly and flatly produced

behmd, and bears a few (about six) thin hooks at the extreme apex,

and there are another two similar but more narrow hooks at about each

lateral end of the anal process. The pupa of the female is about 15—17

mm. long, but that of the male is much shorter, about 11—13 mm.

The moth is found throughout the whole year, and the whole life-cycle

occupies about a month during the summer, or about one and a half

months during the winter.

Control-measures :—(1) Collection of the egg-masses is most

effective for preventing the propagation of this pest. The egg-masses

I
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can be easily collected in large numbers by the plucking-girls or children.

It is most important that the egg-masses be carefully collected during

the first half of the winter as the insect usually does great damage to

the tea bush in February to March. (2) The next important remedy
is plucking off all twisted leaves containing the caterpillars or pupae.

This must be undertaken at the commencement of an attack when
only a few shoots on each bush are involved. If an estate is badly

affected by this Tortrix throughout, so that there are almost no green

leaves or shoots, it is better to cut away all the twigs from near the

soil surface (of course the cut-off twigs should be soon destroyed by
fire) than to pluck the attacked leaves. This is rather a violent act,

but it is often practised by the natives in the districts where the tea

bushes are commonly injured by this insect, and this does little harm
to the tea-plant growth, its effect being rather a good thing. If the

badly affected tea bush is left naturally or only the twisted leaves are

plucked off by hand, the after-growth of the bush is rather poor and

there come no good crops.

The a^pplication of light-traps is recommended by some entomolo-

gists as the moths are attracted by it. I cannot, however, recommend
it according to my good many experiences. My observations show

that the moths attracted by light are rather few, and consequently

that the expenses do not bring forth sufficient benefit.

No. 20.—Adoxophyes fasciata, Wa,hm..^Archips minor, Shir. {Hirne-

Hamaki.)

This species was first brought to my notice in the year 1909, when
specimens of the insect were received from the district of Koroton in

Taichiu-Cho, with a report of serious damage to tea bushes. The out-

breaks are rather regular in that district, but annually the damage
done by this pest is not very serious throughout the tea districts.

When some tea gardens are badly infested by this Tortricid, these are

almost always followed by an attack of the preceding species. There

are many other plants affected by this caterpillar, of which egg-plants,

orange and mulberry are well known to us as the host-plants, but I

have never seen this insect on those plants in injurious numbers. When
the pest is -at its worst, the leaf is sometimes destroyed over a whole

garden, resulting in a serious loss of flush.

The eggs are deposited by the female moth on the upper surface of

the leaf of a tea-plant, as in Homona menciana, but the egg-mass is usually

larger than the latter and consequently contains more eggs. The

caterpillar is rather cylindrical and is greenish : the head is flat, with

a pale yellowish orange tinge but it is rather greenish in the young

VOL. II p
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stages, and bears black or dull brown or sometimes yellowish brown

ocelli, the apex of antennae, and mandibles. The first somite is rather

small and is not distinctly chitinized ; each of the other somites has

about eight somewhat greenish tubercles which are arranged in two rows

and from each of which a long yellowish hair grows right up ; the legs,

prolegs, and anal legs are all of the same colour as the body, the anal

ones being longer. When full-grown the body-length becomes about

15 mm.
The young caterpillar lives in the rolled-up leaves and eats inside

them, but after the second moult it fastens two or three somewhat

matured leaves or folds a single leaf irregularly, and nibbles them from

inside of the shelter here and there as in the preceding species. The

larval stage occupies more than two weeks at any season, after which

the caterpillar fastens almost always two leaves firmly together (but

on the mulberry tree or egg-plant folds a single leaf at the margin) and

turns to the pupa within.

The pupa is small and slender, with a yellowish brown or dull brown

tinge. The wing-sheaths, with the rather sharp apex, extend to the

posterior margin of the third abdominal segment, and the antennal

sheaths do not reach their apical extremities. Each dorsal segment

froin the third to the eighth bears a blackish transverse carina near

the anterior margin and just behind this is a row of many minute very

short spine-like tubercles ; after the middle of each segment there is

a fine blackish transverse carina. The anal segment is produced behind,

and the apical part of that prolongation is depressed and is slightly

curved below, tinged with a reddish purple-brown ; the dorsum is

concave, bearing two yellow hooks at each side and four in the middle

of the apex, while the venter is distinctly transversely furrowed and

bears a single hook near the end of its furrow. The pupae are usually

about 7 to 10 mm. long.

In about four to seven days after pupation the moth usually appears,

though one of my observations showed that twenty days elapsed before

emergence. The moth is commonly found from May to July, and it

is attracted, by light as are other moths.

Nothing can be added to what was said under the previous species.

It works similarly and should be dealt with in like manner. There are

a small Ichneumon fly and a small Tachinid fly, which have been reared

from the larvae and the pupae respectively.

No. 21.—Clania variegata, Cram. (OJio-Minoga.)

This Psychid is a widely distributed species, commonly found

throughout the whole year, and it sometimes appears in very injurious-

1
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numbers but not regularly. This pest is rather attracted to Acacia

sp., and the tea-plant ; on the former it often occurs in great numbers
so that theie are no green leaves on all the trees in a small area, e.g.,

in the year 1910 at Pankio in Taihoku-Cho, in 1912 in a certain district

of Shinchiku-Cho and Kagi-Cho, and in 1914 at Ako. In those cases

Acacia-trees were almost always withered by the attack of this

insect.

The wingless female is fertilized by the male in the case, the long

protrusible abdomen of the male penetrating into the female-case from
above. Eggs are laid in the case, the female gradually shrinking up as

the eggs fill the lower portion of the case. The number of eggs deposited

by a single female is about 40 to 150, each egg being roundish and pale

whitish yellow. One to three weeks after the eggs have been laid the

caterpillars hatch and soon after they emerge from the parent's case

and make their own little cases of vegetable matter and interwoven

silk ; these cases are extremely tough and durable, and are spindle-

shaped. At first the young larvae spin a rather broad ring formed of

small pieces of finely divided under-epidermis of a leaf woven by means
of a fine silkj thread sent forth from their mouths, and then they place

their head in the ring-hole and thus the body becomes covered with the

ring cloth. The larvse, after the first moult, grow to about twice or

more in length. Afterwards the larvae bearing the complete case wander
to take more pieces of leaf for their case, here and there, and the cases

are gradually formed completely, with small pieces of leaf (or only of

the under-epidermis). The caterpillars eat the leaves from the under-

side, in an irregular shape, and when fully fed the cases are firmly

attached on to the under-side of the mature leaves or young twigs or

other suitable places. After a few days the larvae in such a case moult

and then the head and thorax emerge at the upper end of the cases.

Again the larvae wander here and there to seek their food or some covering

matter for their cases. After repeating the above, the larvae become
full-grown, and the cases grow very large clothed with several large

pieces of leaves and a few leaf-stalks or short (about 12 mm. long or

less) pieces of young twigs. At last the full-grown larvae firmly fasten

their cases almost always on the twigs and pupate in them. The larvae,

in the last instar, are blackish brown ; the head is rather semicircular,

and bears a few fine hairs ; the dorsal thoracic somites are pale yellow-

ish, on the middle there is a blackish longitudmal stripe from the

first to the second, which is inconspicuously divided into two lateral

stripes by a fine whitish middle stripe, while at the side there are irre-

gular blackish brown flecks. The abdominal portion on each somite

bears 8—10 shining tubercles from which spring fine hairs. The legs

p2
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are well-developed and are blackish brown, bearing a claw on eacb one ;

prolegs and anal legs grow a little and are like short protuberances.

The length of the full-grown larvae : the male is about 25 mm.; the

female is about 40 mm.
The pupae of the females are cylindrical in shape, with both ends

narrowed towards the extremities, and are shining reddish brown

;

on the anal end there are three fine spines. They measure about 30 mm.
long. In the male they are purplish black : the head is slightly produced

forwards : wing-sheaths are short, leachmg the posterior margin of

the second abdominal segment : the abdomen is paler and rather tapers

to the anal end, bearing many fine irregular transverse carinse which

do not appear at the posterior border of each segment : each dorsal

segment of the abdomen near the anterior margin, bears a row of

many small spine-like tubercles ; the anal segment is somewhat conical

n shape, bearing two rather large hooks at the apical extremity. The

length is about 19 mm.
The duration of the larval stage is about from nine to ten months,

after which the larvae turn to pupse. The moth emerges m about

30—40 days.- The whole life-cycle occupies about a year ; thus there

is only one occurrence in a year, and I have never found that this insect

appears twice in a year although the male moth or female adult is

found in several months.

The food plants observed in Formosa are as follows : Acacia sp.,

tea, camphor, cotton, grape, vine, orange, pear, Bischoffia javanica, rose,

Eriobotrya japonica, Psidium Guyava, Eugenia jamhos, Eugenia

malaccensis and mulberry.

The effective remedy is hand-picking of the caterpillars or pup»

or the females living in the cases during the winter time. Two Tachi-

nidse and one Ichneumonid have been reared from the pupae, and their

destructiveness is rather conspicuous in Formosa.

No. 22.—Clania destructor, Dudg. [Taiivan-Cha-Minoga.)

This species is also rather common throughout the island of Formosa.

I have formerly mis-identified it as minuscula, Butl., but it is easily

distinguished from the latter by its large size, and by the two greyish

median stripes on the thorax, as well as by the more blackish colouring.

This insect usually attacks the tea-plant and Psidium Guyava, and the

former is often seriously damaged by it, in February to May, so that

no crops can be plucked from a small area of a particular district.

The caterpillar is yellowish brown, with the head pale yellowish

ornamented with many small irregular blackish brown flecks, and

bearing a few hairs ; the first thoracic somite in colour is similar to the
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tead, with two distinct rather large longitudinal blackish brown dorsal

stripes which are far apart from one another on the anterior border,

and wdth many minute blackish brown dots especially on the side r

second and third somites blackish brown, with three narrow yellowish

longitudinal stripes on the dorsum. The abdomen bears 18 bro\?n

tubercles on each somite, and from each of these tubercles a fine hair

springs out : the anal somite is blackish brown. The legs are blackish,

bearing a strong dark castaneous claw on each one, while the prolegs

are very short and brownish. The full-grown larva measures about
25—35 mm. in length. The larva lives in the case formed of longi-

tudinally arranged twigs and a few small pieces of leaves, these twigs

being about 2—27 mm. long. The effect of its attack on the bush is

very similar to that of the Variegated Bag-worm, destroying com-
pletely every leaf of that and of the next one or two bushes. After

it is full-grown, the larva turns to a blackish brown (or brownish in the

female) pupa which has a shght purphsh tinge, inside the case. Before

pupation the larva firmly fastens the case to a twig at its anal end, and
the pupa always rests head downwards. The pupa of the male is slender,

with short wing-sheaths which extend below to the posterior margin
of the third abdominal segment ; each dorsal segment of the abdomen,
from the fourth to the eighth bears a row of many minute blackish

spines near the anterior margin, behind that the surface is usually

transversely wTinkled except the narrow posterior border ; the anal

segment is slightly curved below and bears two short but stout down-
ward-directed sjpines belov/ the anal extremity. The pupa is about
11—13 mm. long. In the female it is much larger but much paler,

and is spindle-shaped ; the abdomen bears a row of 5—13 minute less

conspicuous roundish tubercles on the dorsum of each segment
(from the fourth to the eighth), and behind that the side is very finely

transversely striolate leaving the rather broad posterior border ; the

anal segment bears two spines quite similar to those in the male. The
length is about 16 mm.

The male moth is commonly found in March and April in the district

of Taihoku-Cho, but it can be found nearly throughout the whole year

from the North to the South. Owing to the fact that the larva forms

its case with many twigs, it is almost always more injurious to the tea

bush than is the preceding Clania.

The remedy for this insect is to pluck off the cases and destroy them
during the winter time, but this is sometimes very heavy work in the

case of a bad attack. In such a case the whole affected bushes are

cut-off near the soil-surface and the cut-off portions are burnt. When
only a few plants are badly attacked, get dry straw and fire them. This
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is probably tbe quickest and safest method of dealing with the pest.

We must, however, take care for the season of the tea-plant. There

is a Tachinid fly reared from the pupa of the female.

No. 23.—Maliasena sp. (Kuro-Minoga.)

It has been quite recently noticed by us that this Basket-worm is a

rather common insect injurious to tea bushes in the several districts of

Toyen-Cho.

The caterpillar commences its career, after emerging from the egg,

by covering itself with a few minute pieces of tea leaf, attached by one

end to the leaf. They are at first conical little houses standing on a

flattened base and not more than 6 mm. in size. At this stage they

are very dangerous and spread all over the bushes in such numbers

that they may be said ultimately to ruin the entire foliage of a bush,

and then take to back. As they grow larger they seem to be less voraci-

ous, and the bulk of them disappear by some means or other. The full-

grown case is about 40 mm. long and nearly 20 mm. broad, and is

clothed with tea leaves each united by its lower extremity, the upper

and lower ends being free and spreading outwards from the bag. The

full-grown larva is similar to that of the preceding Clania, but it is

rather paler, and the yellowish stripes on the thorax are rather broad but

the middle one is somewhat inconspicuous ; the abdomen bears about

ten tubercles, which are not much darker than the colour of the body,

on each segment : the legs are paler ; the length is about 23 mm.
The pupa of the male is castaneous brown : the wing-sheaths are siort

and extend to near the posterior margin of the ventral abdominal seg-

ment ; the second and fifth segments each bears a row of minute spines

which are anteriorly directed at the posterior margin, and on the third

and fourth segments there is a row of minute rather inconspicuous

tubercles on each dorsum near the posterior margin, while each of the

seventh and eighth segments bears a row of rather conspicuous hind-

wardly-directed spines at the anterior margin ; the anterior two-thirds

of each abdominal segment is finely transversely striolate ; the apical

segment is curved below, and bears two sharp distinct spines directed

below, and just before their bases there are two very short triangular

processes. The length is about 11—13 mm. The female pupa is not

known.

The male moth has uniformly dark brown head, thorax, abdomen,

and forewings ; the antennae bear rather long branches decreasing to-

wards the tip ; the forewing has 12 veins, but the hindwing has 8 veins
;

the veinlet in the discal cell is forked but in the forewing this is not

conspicuous. The fore tibia bears a very long spine. The expanse
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of the wings is 27—30 mm. The male moth probably appears usually

in March and April, according to my investigation last year. Occasion-

ally, when this pest is. allowed to spread, it may become exceedingly

serious.
,
An attack is on record where on an experiment garden in

Anpeichin every leaf on a block of about an acre was destroyed in the

maimer described above. This may be, however, not a permanent

character, and the damage done by this insect is usually inferior to that

of Clania destructor.

The most convenient control-measure is hand-picking the cases

during the early spring. Up to the present time, only two parasites,

one being a rather small Tachinid fly, the other a small Ichneumon

fly, have been reared from the larval case.

No. 24.—Diabasis (?) sp. {Taiivan-CJiibi-Minoga.)

This small Psychid is commonly found in May, throughout Taiwan

Island, but its occurrence is not abundant-, and consequently this is the

least serious of the Psychid pests of tea in Formosa.

The larval cases of this species might be described as small thorns

about 10—12 mm. long, of a dull grey colour, somewhat pointed at the

apex and slightly widened below but not into a circular sucker-like

mouth. They are always covered with many small fragments of tea-

leaf or thin bark, but never carry pieces of twigs attached to them.

The caterpillars attack the lower or sometimes the upper side of the

leaf and the twigs, and eat irregular circular spots at the margins, but

when they are quite young they eat the lower epidermis in irregular

shape. They move from place to place until they reduce the leaf to

a mass of veins with some green surface. After the leaves and the buds

have all been destroyed, they come down to attack the bark and eat

the surface of it. There is a countless multitude of these creatures all

over the bush and within a few weeks it is damaged almost beyond

repair without very heavy pruning, but this only happened in one

case which I met in Koshun in the last year.

The full-grown caterpillar is about 8 mm. long or more, and

is brownish except the head and thorax which are dull yellowish ; the

head and thorax have a few inconspicuous blackish brown flecks, and

each segment of the abdomen bears about 8 tubercles from which arise

, fine hairs.

When full-grown the caterpillars almost always firmly fasten their

cases on the twigs, and hang down by means of rather stout, about

5 mm. long, dull-grey prolongations of the case. At that time the shape

of the cases almost always become slender but they still retain their

conical shape. The j^upa of the male is castaneous, and is 7—8 mm
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long. The wing-slieaths reach just beyond the second segment. On
the fourth and fifth abdominal segments there is a row of minute pro-

cesses near the posterior margin of the dorsum ; the seventh and

eighth abdominal segments bear a distinct row of tiny spines, which

are directed behind, near the anterior margin of the dorsum ; each

segment is finely transversely striolate on about the anterior half or two-

thirds ; the anal segment is strongly curved below at the apex which

bears two rather inconspicuous short processes below. It is a constant

character that the old skin of the last-stage larva projects at right angles

for nearly its whole length, the anal end being free and the dorsum

being below, but not quite straight.

I have as yet not succeeded in breeding this species throughout

the whole Hfe-cycle. Picking off the cases is the only control measure.

No. 25.—There is another small Psychid pest on the tea bush, found

in the district of Koshun-prefecture, in October. The larval case is

very long and slender, like a long straight spine, and is about 25 mm.
long or about 2 5 mm. thick at the base, when probably full-grown.

This is greyish brown, and does not carry fragments of leaf, twigs or

bark, but is composed of very fine vegetable matter and of silky thread,

the numerous very fine rings being comiected one with another. These

rings camiot be distinctly seen with the naked eye, but through a

microscope. I have not reared the moth of this species, and it is not

kno\\^i to occur on any other plants. It is probably one of the most

minor pests of the tea-plant.

No. 26.—Zeuzera coffece, Nietn. {Kohii-Gomafu-Bokuto.)

This species was known as ptjrina, L., in Formosa for a long time,

and the name has been accepted by the author.

This Cossid is found in May throughout the island, especially in

mountainous districts, but its occurrence is not abundant. I reared

this insect from a tea-trunk only once. This probably shows that it

is not a serious pest of tea in our island.

No. 27.—Euproctis conspersa, Butl. {Cha-Dokuga.)

This species is very common in Formosa, and we can find it through •

the whole year on tea-bushes.

There are apparently two distinct forms of the caterpillar, of which

the first form is yellow, having a somewhat pale brownish or reddish

dorsal stripe and two very narrow yellowish white subdorsal stripes

which are margined with a blackish tinge at the thoracic portion, while



PROCEEDINGS OF THE THIRD ENTOMOLOGICAL MEETING 64T

the second form is rather darker, having two rather broad blackish

(not ^Yell-defined nor well-continued) subdorsal stripes, which are

separated into two (above and below) by a fine yellowish white stripe,

and a narrow pale reddish brown dorsal stripe ; in this second form

what one may describe as the dorsal half is blackish and has a somewhat

broad yellowish dorsal stripe and very narrow yellowish white subdorsal

stripes. In both the forms, the roundish dorsal tubercles are two on

each abdominal somite, and these tubercles on the first and second

are rather connected with each other
;
just below the subdorsal stripe

there is a small round black tubercle on each abdominal somite ; the

first thoracic somite bears a flat and broad tubercle just below each

subdorsal stripe near the anterior margin ; on the rest there are two

small tubercles at the side of each somite, one being just below the

blackish brown stigma and other above the base of the leg. The dorsum

of the thoracic somites bears two inconspicuous tubercles on each

section. All these tubercles bear rather long but rather sparse whitish

or brownish erect hairs, but on the large dorsal ones there are short dull

orange-yellow scale-like hairs intermixed. The head is pale orange-

yellow ; all the legs are rather well-developed and coloured as the body-

When full-grown the larva measures about 20—25 mm. long.

The caterpillars live together on the underside of the leaf, and eat

its epidermis or chlorophyll, but the leaf is not perforated right through-

After the third moult the larvae become rather active and feed from

the margin, the entire inter-cellular tissue of the leaf being eaten away^

and only a skeleton remains, corresponding to the midrib and veins.

The young shoots and tender leaves are very often attacked. Owing to

this insect's very irregular occuirence throughout the whole year, the-

tea-bush very often suft'ers, as the young shoots and tender leaves one
'

after another, as they come out, are usually attacked by it, and the

tea bush is often defoliated by such a depredation, ^Vhen full-grown

the caterpillars almost always separate and come to a suitable shelter,

between the twigs or under the fallen leaves or others. Afterwards

they begin to spin thin pale brownish somewhat hairy cocoons in which

they turn to yellowish-brown or blackish puf)8e. The pupa is 7—10

mm. long and 28—3"2 mm. wide, and is covered with many long some-

what golden-yellow hairs on the dorsum especially on about the posterior

half of the abdomen. The wing-sheaths are large and extend to the

fifth abdominal segment : the anal segment is narrowly produced

behind and bears several slender hooks at the extremity. The dura-

tion of the pupal stage is from 7 to 18 days.

The moths are greyish-brown^ in both sexes, but there is another

form of the male, which is deep smoky-brown, with the head, antennse^
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legs, and wing-fringes, yellow. The forewings are orange-yellow at the

apex and near the posterior angle, the apex bearing two black spots

which are sometimes one or three in the female : the hind wings are

orange-yellow at the rather broad outer-margin : antennae, legs, head,

and anal tuft are orange-yellow or yellow or sometimes yellowish white.

In the darker form the forewings bear two black spots at the apex and

are blackish at the middle of the ciUa,

The female is almost always fertilized by the male only one day

after emergence, and in three or four or sometimes seven days it usually

begins to deposit its eggs on the under-side of the matured leaf in a

mass which contains 15—145 eggs, covered by yellowish hairs from the

anal tuft. The eggs usually hatch in about ten days after deposition

in April or May, and the newly-hatched caterpillars live together near

that place and never move from place to place until the first moult.

The whole life-cycle occupies about 55 days, according to only one

breeding in our laboratory in Taihoku. This insect is mostly attached

to the tea bush ; it is, however, found feeding on orange and Eriobotrya

japonica sometimes, but its injuries to these are very slight. The tea-

farmers generally fear this creature more than some other serious pests

of the tea-plant.

Up to the present time nothing has been done but to collect and

kill the caterpillars or eggs. It is, however, very dangerous to do it,

as the poison of the hairs is rather strong for the skin, and the natives

very often suffer from the hairs of the caterpillars. At one time, I

used several contact poisons for the caterpillars and this gave rather

good effects, but further trials are desirable.

No. 28.—Euproctis varians, Walk. {Hoshi-ki-DoJcuga.)

This has been first mis-identified by the author as E.jlavinata, Walk.,

and I now correct the nomenclature as above.

Although this species is found throughout the island of Formosa,

it is a rather rare Lymantriad there, and it attacks the leaf of orange

and tea, but its mjuries are slight.

The larva is black, with a reddish-yellow lateral stripe just below

the stigmata and with a narrow similar coloured dorsal stripe which

appears only on the thoracic portion and suddenly widens on the first

thoracic somite ; all these stripes have not straight margins but are

irregularly and slightly notched ; on each somite there are four oblique

narrow reddish-yellow flecks, two on the dorsum in \/ -shape, and

another two on the side from the lateral stripe near the anterior margin,
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and there is a narrow interrupted reddish-yellow band near the anterior

margin ; these flecks and bands are not conspicuous on the thoracic

somites but are obsolescent. The venter has two or three or four narrow

transverse reddish-yellow flecks on each somite and round the base of

€ach proleg or leg there is an incomplete reddish-yellow ring. The
head is brownish-yellow, bearing sparsely fine pale hairs. The first

somite has two large conspicuous black protuberances on each side,

the tufts on which are very pale brownish and somewhat long, and on the

yellowish dorsum there are many white and yellowish hairs intermixed

;

the second and third somites each has ten roundish yellowish tubercles

which bear short whitish hairs ; the remaining somites have eight large

roundish brownish tubercles on each one of which the dorsal four are

larger than the rp^t and covered with rather short pale brownish-yellow

hairs with a few wliitish ones intermixed, and the others are small and

not roundish, and bear longer hairs ; all tubercles are surrounded with

a narrow dull orange-yellow ring, except the lowermost one on each

^ide which is dull orange-yellow. Legs, prolegs, and anal legs are dull

yellow, shghtly infuscate, the legs bearing long pale castaneous claws.

The full-grown larva measures about 25 mm. in length.

The caterpillars disperse in all directions in two or three days after

hatching, and usually live on the upperside of the leaf, eating from its

margin. When full-grown they come between the leaves or twigs, and
spin a dark greyish cocoon which is very sparsely interwoven with the

larval hairs, and in which they pupate in two or five days. The moth
is well attracted by light and the female deposits her eggs on the upper
surface of a leaf, in a mass of about 50—250 eggs covered with hairs

from the orange-yellow anal tuft. The egg hatches in about six to'

«ight days. The whole life-cycle occupies about forty days in June
or July, but it may be longer in early spring.

Nothing for the control can be added at the present time to what
has been said under the previous species.

No. 29.—PortJiesia montis, Leech. {Tahvan-ki-Dokuga.)

This species is almost always found throughout the Island of

Formosa, and it is much more common on the tea-plant than the previous

species, but its attack is much less than that in E. consj^ersa, Butl. The
food-plants, found up to the present in Formosa, are as follows :

—

several Cruciferae, egg-plant, potato, Canavalia ensiformis, Phaseolus

vulgaris, Gardenia flGrida,Ficus carica, Bcehneria nivea, Spinacea oleracea,

Eriohotrya japonica, pear-tree, Primus communis, peach-tree. Primus
mume, rose, orange, Ricinus communis, grape, cotton, and tea.
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The larva is dark brown, with a broad yellow dorsal stripe, inter-

rupted at first two and eighth abdominal somites, and separated into

two by a narrow reddish stripe which becomes blackish on the thoracic

segments, and with two narrow pale-yellow lateral stripes composed

of longitudinal small flecks, situated below the spiracles. The head

is dull yellowish and bears a few short brownish hairs ; the first thoracic

somite has two conspicuous tubercles on each side, of which those of

the upper pair are long and about t-wace as long as the lower ones, and

bear dark brown hair tufts, while those of the lower pair are yellowish

and covered with a few short pale-brownish-yellow hairs ; on each

of the following four somites there are ten tubercles of which the dorsal

two on the first and second abdominal somites are conspicuously large,

touching one another or nearly so ; the remaining somites bear very

flat tubercles on each somite. The tufts on all tubercles are brownish

and rather sparse, but on the Lower ones paler, while the median dorsal

two tubercles on each of the first and second abdominal somites are

densely covered with short dull-yellowish-brown hairs intermixed with,

long blackish hairs. These tubercles are pale brown or blackish, but the

lower ones are somewhat yellowish, the tubercles just below the spiracle

surrounded with an incomplete red ring. The first and second abdo-

minal somites are roundly tinged with brown in the middle of each

one, this colour containing two dorsal tubercles and with a yellow

margin which is somewhat continuous with the dorsal stripe on the

preceding and following segments, and in the yellow side there is a

reddish spot. The venter is pale yellow and ornamented with a few

transverse brownish and orange-yellow flecks. Legs, prolegs, and

.anal legs are yellowish irregularly tinged with dark grey. The full-

grown larva is about 25 mm. long. The larva before the first moult

is yellow with a blackish-brown head.

The eggs are laid by the female on the underside of a leaf, in a

mass, covered with hairs from the orange-yellow anal tuft, composed

of from a few to 50 eggs. The number of eggmasses deposited by a

single female is usually two or three. The eggs hatch from four to

twelve days after deposition, and the newly-hatched caterpillars live

together on the underside of the leaf, feeding on the lower epidermis,

leaving the upper epidermis and chlorophyll. This habit continues

for a long time until after the second moult when they separate, and
eat the leaf from the margin, often leaving thick veins. The cater-

pillars sometimes feed upon the flowers and very young fruits. Seven

days after they are full-fed the caterpillars pupate in a somewhat loose

grejash brown cocoon composed of silky thread and hairs, spun on the

leaf or twig. The duration of the pupal stage is short. During the
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summer months, the moths emerge in four to six days after pupation,

and in the -vs-inter in from ten to seventeen days. The moths are well

attracted by light. The larvae almost always pass through four moults

before becoming full-grown, but rarely five. The caterpillars complete

their development in from 17 to 30 days, each instar occupying from

two. to nine days. The whole life-cycle occupies from 30 days to 70

days, depending on the time of year.

I have no records that tea bushes have been seriously attacked by
this pest during the last ten years. The recommended remedy is the

collection and destruction of the young caterpillars or pupse.

No. 30.—Orgyia 'postica, Walk. {Koshiromon-Dohiga.)

This species is commonly found throughout the whole year in

Formosa, but its attack on tea-plants is not very serious as it rarely

appears abundantly on the bushes. It has been noticed that the food-

plants of this caterpillar are Cruciferae, Sfinacea oleracera, potato,

egg-plant, Gordonia anomala, tea, cotton, grape-vine, Sapium sebiferum,

Ricinus communis, rose, orange, peach, Prunus mume, Pmnus communis,

pear, Eriohotrya japonica, Bcehmena nivea; mulberry, Ficus carica,

and other several plants.

The eggs are spherical, with the upper side shghtly flat, and on the

upper surface there is an inconspicuous pale brownish ring, but the

rest of the surface is quite smooth. The eggs are white and are 0-7 mm.
in diameter. They are almost always laid on the cocoon of the female,

in very irregular masses ; they hatch in from seven days to twelve

days after deposition.

The larva is brownish-yellow with a reddish-brown head and
yellowish-brown legs ; the first somite bears a long dull blackish tuft

projecting forwards on each side near the anterior margin, a similar

but paler tuft on each dorsal somite (11th and 12th somites)
; four

very compact whitish-yellow tufts on the back of the first to fourth

abdominal somites, while on each side of the first and second abdominal
somites there is a similar but A^ery narrow tuft ; the tubercles on each
somite are eight and bear sparse yellowish bristly hairs except on the
tubercles covered with the tufts mentioned already ; the sixth and
seventh abdominal somites have another conspicuous tubercle which
is deep red and is placed between the dorsal tubercles ; the subdorsal

and lateral stripes are j)aler but rather conspicuous, and the venter is

still paler. The duration of the larval stage is 25—55 days. The full-

grown larva measures 30—35 mm. long.
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The young yellowish caterpillars live together on the leaf, and eat

it. They gradually disperse, here and there, and feed on the matured

leaf, leaving the veins. When full-grown they begin to form their very

loose dull yellowish-grey cocoons between the leaves or on the twigs,

and in these they turn to hairy pale-yellowish-brown pupse which in

the female are very roundish without wing-sheaths or other appendages.

The duration of the pupal stage is from nine to fourteen days. The

male moths are rather active and are attracted by light. The females

are wingless and are very pale brownish white, covered with numerous

short soft hairs. They deposit their eggs in two to five days. The

whole life-cycle occupies from 42 days to 82 days.

The number of generations annually of this small tussock-moth

in Formosa is probably six or seven, as shown in the following table :

—
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No. 31.—Dasychira metidosa, Hiibn. {Mikmi-Dohnga.)

The caterpillar of this tussock moth was first found in the Taihoku

district, feeding on the leaf of an orange-tree, in December of the year

•1911. It is very probable that this caterpillar almost always occurs

throughout the whole year in nearly all parts of the Island, and it attacks

the leaves of Asparagus, Phaseolvs ndgaris, Ficvs carica, Ficus retusa,

Acacia sp., mulberry, orange, and tea. Although very rarely prevalent

to such an extent as to occasion much anxiety, it may be regarded as

rather abundant and the most widely distr-ibuted of all Formosan cater-

pillar tea-pests. The caterpillars are not usually found by the natives

as they feed for the most part during the night and hide below the

undersurface of the leaf.

The caterpillar in colour varies to a great exteirt from pale yellowish

to steel-grey, with the head deep black (until the third moult) to reddish.

The first thoracic somite is ornamented with five rather distinct flesh-

red longitudinal stripes surrounded by yellowish lines, and bears a long

greyish black tuft on each side projecting forwards. The short compact

dorsal tufts are three and whitish or greyish until the third moult, and

afterwards they become four and brownish, yellowish brown or whitish,

but on the fourth abdominal somite the tuft is less prominent. The
lateral tuft on the first abdominal somite is usually white and con-

spicuous but when full-grown it becomes less conspicuous ; on the second

it is bunch-Hke and is black. The anal tufts are two, conspicuous

and greyish. The tubercles on each somite are eight and red but the

lower pair is paler, and the sparse tufts projecting from them are whitish

or yellowish. When full-grown it is about 30 to 35 mm. long.

The caterpillars live together on the underside of the leaf until the

second moult, and afterwards they gradually disperse here and there.

They eat the leaf along the margin and when full-grown they spin their

elliptical dirty-white cocoon composed of fine silky thread and hairs.

The pupa is blackish brown ; the wing-sheaths reach to the fifth abdo-

minal segment ; each abdominal segment bears short pale-yellowish

hairs which become a compact mass on the second, third, and fourth

dorsal segments ; the anal segment is triangular and projects hind-

wards, and bears a few spines. The length of the pupal stage is from

about 12 days (male) to about 19 days (female).

Four to twenty-nine days after pupation the moth emerges and the

female deposits her eggs (about two or three hundred) on* the leaf-

surface, not in a cluster but slightly covered with hairs. The duration

of the egg-stage is from four days to eleven days, and that of the larval

stage is from 22 to 29 days.
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This insect probably has five or six generations in a year, and tbe

whole life-cycle occupies 35—54 days. The following table summarizes

the actual breeding in the laboratory in Taihoku.
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each somite from the third to seventh abdominal somites two black

spots appear. When the larva has moulted twice it becomes greyer

but the blackish colour still remains on the dorsum especially on the

abdominal somites. The first thoracic somite has ten tubercles of

which the six at the apical margin of the dorsum bear fine white hairs

projecting forwards, and the upper one on each side bears a smoky-

coloured very long tuft of narrow feather-hke hairs projecting obHquely-

forwards, the lower one bearing a few white hairs. The three long

compact yellowish-brown dorsal tufts become conspicuous and between,

them there are two large black spots. The fourth and fifth abdominal

somites have a red spot on each side near the apical margin ; the sixth

and seventh abdominal somites bear a somewhat large conspicuous

pale yellow protuberance in the dorsal middle of each somite. On
the tubercles of the anal somite there are long pale smoky hairs hori-

zontally projecting hindwards. The three lateral remaining tubercles

each bears sparse but numerous long greyish-white hairs but on the

upper pair there are a few dark hairs intermixed, and on the eighth

and ninth abdominal somites long blackish brown hairs. When full-

fed it becomes about 14 mm. long. The caterpillar of the fourth instar

is quite similar to that of the third and becomes about 25 mm. long.

The last instar is greyish-white, with numerous scattered very minute

inconspicuous darker dots on the dorsum, with the head yellowish

brown, Tlhe three lateral tubercles bear long whitish tufts projecting

shghtly forwards and below, of which the upper pair are intermixed

with two or three blackish-brown long bristles. The four dorsal tuber-

cles on the thoracic segments bear a few long pale yellowish-grey sparse

tufts intermixed with only one black hair and projecting slightly

forwards. The dorsal compact pale-yellowish-grey or pale-yellowish-

white tufts become four in number, of which the second one is longest

and the fourth is shortest. The dorsal tubercles of the remaining

abdominal somites bear very few short inconspicuous hairs but on
the eighth somite there is a very long dense yellowish brown tuft and
on the anal segment there are numerous long white hairs. The two
dorsal black spots are the same as in the previous instar. When full-

grown the caterpillar measures about 40 mm. long.

The duration of the larval stage is about 50 days in the winter time,

but it may be less in other seasons than that.

When full-grown the caterpillar spins a very loose whitish cocoon

between two leaves, in which it turns to a blackish-brown pupa. The
pupa is from 18 mm. (male) to 22 mm. (female) long, \\ath rather short

wing-sheaths which extend down to the posterior margin of the fourth

abdominal segment, covered with short whitish hairs ; the hairs on the

VOL. II E
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tirst to third abdominal segments are very short and form a roundish

patch. There are a few blackish hairs on the dorsum of the anal

segment which is conical and bears a few short brown spines. After

pupation the moth emerges in about five days in the spring, and it is

only active at night especially shortly after sunset, being attracted by

light. The whole hfe-cycle occupies about 83 days from December to

-March, but the number of generations annually is not known yet.

Collection of the egg-masses or newly hatched larvse or cocoons

is the only recommended control-method, up to the present time. We
reared two Tachinids from the pupse, one being larger and yellowish

and the other greyish. Both the flies are not identified yet, and they

probably serve as a medium of natural control.

No. 33.—Redoa cyanea, Mo. (Cha-Shiro-Dokuga.)

This Lymantriad is a rather common pest of the tea-bush through-

out the tea districts, but I have never seen the caterpillars in a serious

number on tea-plants.

The white-haired blackish caterpillar lives on the leaf, and eats

along the margin, leaving the veins, especially the mid-rib. It has

six fine interrupted white stripes through the whole length and two

narrow reddish-yellow transverse bands on each dorsal somite which do

not appear on the first thoracic somite and on the following two are

rather inconspicuous, and which become one yellowish-white band on

the anal somite ; the yellowish tubercles on each somite are twelve,

arranged in two ill-defined transverse rows and bearing rather long

white hairs which become shorter and sparser on the four dorsal ones

;

the head is black, with yellowish mouthparts ; the legs, prolegs, and

anal legs are smoky brown, but at the innerside yellowish ; the venter

is dark smoky brown throughout.

When full-grown this handsome caterpillar twists one or more leaves,

and comes under the shelter, and pupates there without any cocoon.

The pupa is yellowish-white, and is very sparsely covered with fine

whitish hairs all over the surface ; the anal process is reddish-brown,

bearing a few short hooks. It is about 12 mm. long.

After pupation the moth emerges in from six to thirteen days, and

the female deposits her eggs (about 30 to 60) on the leaf in an irregular

mass in a single layer. The eggs are apparently larger than in the

other Lymantriadae described already, and the free surface is shghtly

depressed in the middle. The tiny caterpillars emerge in about seven

days after deposition. Soon after, they disperse here and there, and

-begin to eat the leaf.
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The whole Hfe-cycle occupies about 40 to 85 days. This species

is probably one of the minor pests of tea-plant, and destruction of the

-egg-masses is an easily practised control-measure.

No. 34.—TJiosea sinensis, Walk. {AhiJwshi-IramKshiga.)

In Formosa this species was first described by the author as a new
species belonging to the genus Susica in the year 1912, but after careful

studies he found that it is the same as TJiosea sinensis, Walk., but there

is a little doubt of the genus.

The Nettle-grub is commonly found on the tea bush throughout the

Northern belt of Formosa, but it has not been noticed as doing much
damage. It also attacks orange and Acacia sp.; it is, however, a very

minor pest of these.

The larva is one of largest Formosan Limacodidae, and is a rather

active (for this group) fleshy green caterpillar with a white dorsal stripe

bordered with a green tinge, and with four pairs of red dot-like spots,

and with red spiracles on each side. There are two rows of smaU tuber-

jcles bearing short stinging spines on the back, and on each side a very

conspicuous series of spines set the whole length of the body. This

caterpillar appears in May or September in the Plains, and the pest

is at its height during the next one or two months and often into the

€old weather in December and even later.

When full-grown the caterpillar measures about 30 mm. in length,

and about 15 mm. in width. The dorsum is broadly longitudinally

elevated at the middle throughout the whole length, this elevation

being greatest at about one-third. The head is comparatively small

and brown ; the first somite is almost always hidden below the second

somite. The dorsal stripe is yellow, and is bordered with a greenish-

white stripe at the side, this greenish-white stripe being curved at each

segmentation. On each somite from the second to eleventh there are

four tubercles of which the lateral pair are conspicuous and somewhat
conical, bearing a long tuft of thick spines from which project the black

and yellowish green stinging bristles ; the dorsal pair are small and
from each tubercle projects eight (on an average) green spines, tipped

with a yellowish tinge, which bear tiny black bristles. On the twelfth

somite there are two large tubercles which bear spines and bristles

similar to the others, and are larger than those at the side. The red

dorsal spots are usually seven to eight pairs in number but sometimes
only one pair, the third pair being largest and most conspicuous.

The larval stage occupies about 53 days in the summer season, and
about 65 or more days in the winter time. The full-grown caterpillar

almost always comes down to the ground and begins to make a brownish

E 2
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cocoon which is exactly hke a tea-seed both in shape and size but
usually greyer, and is buried in the soil about half an inch or more

deep under the bushes. It is, however, very rarely formed on the

plant, between the leaves, where it remains for about one month (or

two or more months in the winter time), after which the moth emerges.

So far as we can make out, there are two broods per annum, the whole

life-cycle occupying about four (or eight) months. The following table

shows one of my actual rearings summarized very briefly :

—

EfCgs
hatched



PROCEEDINGS OF THE THIED ENTOMOLOGICAL MEETING 659

ing laterally, conical, and bear black-tipped spines. The dorsal tuber-

cles on the fifth to the eighth somites are reddish brown, on the third

to the fourth, the ninth, and tenth somites white ; the lateral tuber-

cles on the fifth to the eighth, tenth, and eleventh somites are pale

greenish
; the remaining tubercles are black. The first somite is brown

and the head is blackish brown.

The caterpillar almost always lives singly on the upperside of the

leaf, and eats it from the margin, the trace of the eating being nearly

straight. When full-gro\\Ta it begins to form a hard brown short-

elliptical cocoon, between the leaves or on the underside of the leaf,

which is usually covered with a very loose blackish brown silky thread.

This insect probably has three generations in a year, as the moths
of the first brood appear in February or March, of the second in April

to July, and of the third from October to December ; the larval stage

occupies about 35—45 days.

The one remedy is to collect the caterpillars and the cocoons,

especially the latter ; during the winter season is the most effective

time for this.

No. 37.—Canea bilinea, Walk. (Futasuji-Iraga.)

The eggs of this species have not' yet been observed, but they are

probably laid upon the surface of the leaf. The caterpillar is similar

to that of TJiosea sinensis, but it is smaller and flatter. The dorsum
has a very broad white longitudinal band and on that band there is

a narrow pale yellowish-red dorsal stripe which becomes wide at the

segmentations. The duration of the larval stage is about 30 days in

March. The full-grown larva measures from 20 mm. to 25 mm . in

length. The cocoon is pale purplish-brown and is covered with a thin

white skin ; the length is about nine to eleven millimeters, and the

width is about 8—10 mm. It is almost always attached to the upper-
side of the leaf. About 21 days after the cocoon has been formed,

the moth emerges from the pupa.

I first noticed this pest on orange in March of the year -1912, at

Taihoku-prefecture, and afterwards my assistant found it on tea bushes
in March of the year 1915, at Toyen-prefecture. In both cases the

damage done was not of a permanent nature ; but on the latter the
caterpillars ate out almost every vestige of green leaf and five whole
bushes were stripped almost bare. This shows that this Limacodid
is not a serious pest to orange or even to tea.

The destruction of the cocoons is much the reliable remedy for this

pest.
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No. 38.—Nagoda nigricans, Mo. (MiJcan-Iraga.)

This Limacodid moth usually appears in the winter time, through-

out the Island of Formosa, and the eggs are probably laid on the surface

of the leaf, about four or five at a time.

The young caterpillar lives on the leaf-surface, and eats its epidermis

and chlorophyll, leaving the lower epidermis, but soon after it feeds

on the leaf from the top-margin or lateral margin, as other Limacodidae.

The growth of the larva is very slow, as the duration of the larval stage

is about 120 days ; after that it begins to form a white spherical cocoon

between two leaves and turns to the brown pupa. This cocoon measures

about 7"5 mm. (male) or 13 mm. (female) in length or about 6 mm.
(male) or 10 mm. (female) in width. Specimens kept in captivity

remained as cocoons for about 230 days throughout the summer season.

The pest has only one generation in a year. The actual data of the

breeding in the laboratory in Taihoku are shown in the following

table :

—

hatched
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I have not observed the eggs of this species but they are probabi/
deposited by the female on the upper surface of the leaf of a tea-plant

or orange-tree, one or two on each leaf. The newly hatched caterpillar

eats out the upper epidermis of the leaf, and after it has grown larger

the larva eats out almost every vestige of green leaf from the margin.

We can almost always find one to four caterpillars on a twig and
one or sometimes two or more on a leaf. When full-grown the cater-

pillar begins to form the whitish small cocoon, between the leaves,

and this is sometimes greyish and covered with pale brownish thread

»

The following table shows our actual breeding data, but each brood

was not continued as the eggs were not deposited by the females irt

several cases.

hatched
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is inconspicuous and is dark ; all the legs are well-developed. It

measures about 21 mm. in length.

When full-grown the caterpillars begin to spia the very loose web-like

shelter between the twigs or on the leaf, and turn to pale yellow ptipse

in it. The pupa is gradually tapering to an obtuse anal angle, with a

row of blackish spots on each segment. The length is about 11 mm.
In about ten or eleven days after pupation the moth emerges and

begins to deposit the eggs. The breeding data are as in the following

table :

—

•deposited
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The larva of the first instar is pale yellow, with a broad black lateral

stripe on each side ; on this stripe there are two paler spots, on each

somite, bearing a bristly hair. The head is large, dark brown, bearing

a few white hairs. The ventral side of the abdominal portion is greyish-

black : the legs are paler but with a black tinge on the outside and on

the claws : the prolegs are only one pair and are paler, with the end

yellow. It reaches about 2 mm. in length.

The larva, after the first moult, becomes green, excepting the first

and twelfth segments which are somewhat yellowish. The head is

yellow with many brown flecks which bear pale brown hairs. The body
has about thirteen narrow greenish-white stripes of which the dorsal

middle one is rather inconspicuous. On each somite there are two
dorsal and a few lateral black spots each bearing a bristly hair. The
legs are greyish-black, and the prolegs are deep green. When full-fed

it measures about 6 mm. in length.

The third instar larva is much more greenish than in the preceding

instar. The head becomes pentagonal with two short triangular upper

processes, and it is pale yellowish-brown but all the sutures are blackish

brown, and it is scattered over with brown flecks. The body has about

eight fine deep-green dorsal stripes of which the middle two are usually

darker than the others ; at the side there are a few greenish-black stripes

which are almost always hardly connected with one another. On
each somite there are four dorsal and a few lateral black dots. The
first somite bears two somewhat brownish tubercles on the dorsum

;

the anal somite is conspicuously paler ; the ventral surface of the body
is black, but the portion between each pair of legs or prolegs is green.

The legs are black, with two yellow bands : the prolegs are dark green,

and the anal legs are paler. It measures about 27 mm. in length.

The fourth instar is yellowish green, and there are no conspicuous

stripes but numerous fine black flecks, and on each somite there are

two small quadrate yellow dots on the dorsum. The anal somite is

yello^V, and is triangular when seen from above with an acute anal angle,

and at each side of this triangle there is a small process. The body
colour varies to a great extent, according to the colour of the food plant,

with large red spiracles. The legs are pale yellowish-green, with each

segmentation blackish ; the prolegs are pale reddish yellow, and the

anal legs are yellow. It is about 34 mm. long.

The fifth instar larva is quite similar to the fourth but the colour

becomes deeper and the flecks are larger, the flecks varying to a great

extent ; in some cases they are formed of 13 rather conspicuous stripes

-and in others they remain as irregular dots. When full-grown it reaches
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about 50 mm. in length. The duration of the larval stage is about

45—50 days.

Soon after it is full-grown the looper caterpillar goes dov/n to the

ground and turns to a blackish pupa buried in the soil about a half or

one inch below the surface. This pupal stage is very long and this

species hibernates through the winter (from May to the next March)

as a pupa. The pupa is dark castaneous, the anal end being strong^

curved. The surface is shining but with numerous fine dot-like sculp-

tures. The head bears two small processes below and two conspicuous

transverse processes above, which consist of seven tiny tubercles. The

wing-sheaths are rather small, reaching to the fourth abdominal segment,

the end being sharp. The anal segment bears many small roundish

tubercles of which the middle one is large and conspicuously long. It

is about 18 mm. long.

During the day-time the moth sits with outstretched wings flat

against the trunk of any tree which may be around its feeding ground,

Acacia sp., being ajDparently preferred. On these the moths congre-

gate in crowds, accompanying the large egg-masses, and thousands

can thus, during a serious attack, be killed by simply smiting them while

in this position. There is only one brood per ammm in Taihoku, the

caterpillars being active in April, though of course in March or May
some caterpillars can be found.

This insect usually attacks Acacia sp., but it seems occasionally

to have attacked tea-plants in some tea-districts. In the years, 1910,

1911, and 1912, however, the damage to the tea-plant done by tliis

looper caterpillar was considerable at Kimpori. When a serious attack

commences, the whole of the leaves of the bushes are eaten off, and so

ravenous are the caterpillars that Mr. N. Onoda wrote saying that

he thought " about five caterpillars would strip a medium-sized bush

in a couple of days." They can in fact be heard feeding, when one is

standing near, when a bad attack is under way.

The destruction of the moths or eggs is easy and a most efficacious-

remedy.

No. 42.—Heferusiaoedia, Lism. {Okinaiva-Rurichimshi.)

This handsome moth is commonly found throughout the Island of

Formosa, but it was not known that the caterpillar attacks tea-plants

for a long time. In the year 1910, it was first found on the tea-bush,

by the author, and many moths were successfully bred from the cater-

pillars in the laboratory.
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The caterpillar is brown and is broad and short, like a Limacodid

larva, the dorsum being roundish, and the ventral side being flat. The
head hides under the first somite. Oia each somite (except the first

and anal somites) there are four small black short tubercles in a trans-

verse row on the dorsum, and at the side there is a red tubercle. The
first somite bears two red tubercles on each side and the anal somite-

has two brown dorsal tubercles and two reddish lateral tubercles..

The full-grown caterpillar measures about 23 mm. long.

This caterpillar lives on the upper surface of the leaf singly and eats

the leaf from the margin as in a Limacodid larva. The full-grown

larva forms a large brownish cocoon which is tough and closely woven,

in the fold of a leaf (being on its upper surface).

I have never seen this pest on tea-bushes in serious numbers, and.

it is probably one of our most minor pests. There is a small black

Tachinid wliich was reared from the full-grown larva. About 10—15

flies usually emerge from a single larva. This is probably one of the-

effective enemies of this Heterusia.

No. 43.—Tiracola 'plagiata, Walk. {Mikan-Kuchiba.)

In the year 1913, it was first known, that this larva eats the leaves

of tea and orange. According to later investigations its food-plants

are cabbage, onion, Agave and others.

The larva is blackish-brown, with the head orange-yellow. The
dorsal stripe is black, and is distinct on the thoracic portion and tenth,

eleventh, and twelfth somites. At the side there are two bottle-shaped

yellowish-white spots, one being between the fourth and sixth somites,

and the other between the tenth and eleventh segments. The eleventh

somite is produced above on the dorsum, like an anal protuberance,

and its side is yellowish-brown. When full-grown it measures about

50 mm. long.' This caterpillar lives at the margin of leaf and eats it,

but seems rather to prefer a young leaf or shoot. When full-grown

the caterpillar comes down to the ground and begins to form an earth-

cell under the surface. After this work it turns to a brown pupa in

the cell. The pupa is spindle-shaped, with short wing-sheaths which

reach the posterior margin of the fourth abdominal segment. The
fifth abdominal segment is thickest, and from this the body is gradually

narrowed towards the anal apex. On each segment there are many
minute roundish dots near" the anterior margin ; the anal segment

bears six yellowish spines, and has a longitudinal furrow in the middle

of the ventral surface. It is about 24 mm. Ions.



666 PROCEEDINGS OF THE THIRD ENTOMOLOGICAL MEETING

The caterpillar is usually found in February or Marcli, and the moth

in March or May. This insect is probably not an important pest of

the tea-plant.

^V^o. 44.—Andraca bijnmctata, Walk. (Fidaten-Kagiba.)

This is a well-known tea-pest noticed early in this country, attention

having been drawn to it by an old Chinese Governor in the year 1820

but my description of its depredations in the Report of Agricultural

Exferitnent Station of Formosan Government, Vol. I, under the name

Hyfsomadius sp., as named by Prof. Matsumura, is the first detailed

account of its ravages. After careful studies I found that this species

belongs to the Family Bombycida and that it is probably Andraca

bipunctata. Six (three males and three females) Indian specimens of

the latter presented by the Imperial Entomologist quite agree with

our species, and I have determined it as the above.

It is a very widespread tea-pest found in practically every garden

throughout the tea-districts, and is becoming really most serious in

the Northern half of the Island. In Taihoku- and Toyen-Choes it is

very common, and recently Mr. J. Sonan has found it at Kusukusu

in Ako-Cho, feeding on Cleyera ochracea, Eurya sp., and Melastoma

candidum.

The eggs are laid on the underside of the leaf, and these are arranged

very methodically in a mass in a single layer (about 15—72). The

number of egg-masses deposited by a single female is from about one

to three, and the total number of eggs is 50 to 150. In 8—10 days

the eggs hatch and the caterpillars take about 21—61 days to reach

maturity. This insect has three generations per annum, but it is most

prevalent in May, June, and July. The caterpillars almost always

live in a compact mass during the day-time, if they are young resting

on the underside of leaf, and when they become larger on the twig
;

they feed at night and very often strip the bushes over a large patch

of plantation before the morning (leaving nothing but hard stalks).

Although the tea-bushes are severely attacked by this pest through the

season, in the next year there come slight crops from such a garden
;

but if the same garden is damaged by it for two years the bushes almost

always begin to wither. The abundant occurrence of this pest is a

rather permanent character up to the present time in Formosa, and the

natives are generally used to collect and destroy the caterpillars as a

remedy.

J
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The actual breeding data are briefly summarized in the following
table :—

Moths
emerged

1st August to
13th Novem-
ber 1917.

20th February
to 27th Feb-
ruary 1918.

11th May to
14th May
1918.

12th August
to 21st Octo-
ber 1918.

Eggs
deposited

J2nd October
1917.

20th February
to 14th Feb-
ruary 1918.

l;3th-17th May
1918.

20th-22nd Oc-
tober 1918.

Eggs
hatched

31st October
to 2nd No-
vember 1917

5th March to
10th March
1918.

21st-27th May
1918.

31st October
to 2nd No-
vember 1918

Larvie
pupate

12th Decem-
ber to 15th
December
1917.

21st April to
23rd April
1918.

17th-27th
June 1918.

7th-llth De-
cember 1918.

Length of
the whole
life-cycle

Over 120 days.

Over 100 days.

Over 120 days.

Over 120 days.

The above shows that the duration of the pupal stage of the second
brood varies to a great extent from 21 days to 110 days, and that the
season of deposition of the third lot of eggs is in October. It is a rather
curious fact that the moths which emerge in August or September are

always fruitless as they die without any deposition of eggs. The multi-

plication of this insect is rather rapid but the larva? of the second brood
are usually' infested by several still unknown Bacteria and die in the
fifth instar. The sudden disappearance of this insect, after reaching

its chmax, is almost always due to the work of these useful Bacteria,

though sometimes a Tachinid-fly is still more effectual in the work of

extermination. The remainder become full-grown larvae and begin to

form their cocoons below shelters on the ground or below the twigs

near the stem or rarely between or on the leaves. The pale brownish
cocoons are usually aggregated together in some numbers, the united

structure showing a flat face. After pupation the moths emerge in

from 18 to 114 days and the females deposit their eggs in five to

fourteen days. The newly hatched larvae remain on the underside of

the leaf in a mass, and begin to eat the under epidermis and
chlorophyll, leaving the upper epidermis until they first moult ; in this

case the caterpillars usually extrude fine silky threads and form a web-
like skin on the under surface of the leaf, this serving as a resting place

for the delicate larvae. After the first moult they move from leaf to

leaf, and eat it from the margin. The caterpillar is not hke that of a
Bombycid, but it is densely covered with very fine hairs and the

appearance of the skin seems velvety. The duration of each instar is

from about three to ten days..
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Tlie collecting of the larvse of the first brood is most effectual and

ratlier an easy control-measure, and this is generally practised by the

oardeners in Formosa.

No. 43.—Hypomeces squamosus, Fab. {AoJcofuki-Zomiishi.)

This insect is very commonly found throughout the Island of Formosa

and it is generally noticed that it attacks cotton, orange, tea, mulberry,

and sugarcane.

This greenish or greyish CurcuHonid strips the young leaves off

the tea-bushes, and the injuries are a rather minor thing though it very

rarely occurs in serious numbers on a few bushes.

The beetles should be collected and destroyed whenever seen, and

the sooner a pest like this is attacked the better.

2\7o. 46.—Aeolesthes induta, Newm. {Cha-Kamihin.)

-The grubs of this longicorn beetle were first found by Mr. M. Maki

boring into the stem of a tea-plant, at Horisha in March of the year

1917. They were brought to the laboratory of the Division of Ento-

mology, and afterwards the beetles emerged on April 15th in that

year. On 6th May eggs were deposited by a female beetle beneath

the epidermis of a trunk near the soil surface. About two weeks after

deposition the young grubs hatched and begun to bore into the centre

of the stem. In the next year, 1918, I found that the nearly fuU-grown

grubs had all died in the tunnels in December. This probably shows

that the whole life-cycle occupies more than one year.

This insect probably attacks only the large bushes, and the injuries

are not known yet.

No. 47.—Oscinis thea, Lef. {Cha-no-Hamugurihai.)

This small leaf-mining fly is a widely distributed species through

the whole tea-districts, but I have never seen this in serious numbers.

Probably it is one of our most minor tea-pests.

No. 48.—An unknown Lepidopterous borer found at Giochi, near

Horisha, is a rather serious tea-pest, but its occurrence is quite restricted

there.

No. 49.—Tetranychus bioculatus, W. M. ? (Cha-Akadani.)

This mite is commonly found throughout the tea-districts, and the

damage done by this pest is an annually recognizable thing.
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We are much obliged to Dr. Shiraki for sending us a paper for our Mr. Fletcher.

Meeting. Many of the insect pests of tea in Formosa are identical

with ours in North-East India and in other cases they are very similar,

and it is of considerable interest to us to learn what damage is done

^nd what control measures are found effective in Formosa.

I may add that Dr. Shiraki expresses a hope that he will be able

to take part personally in our Fourth Meeting and that is a hope which

I am sure we shall all endorse.

30.—HELOPELTIS THEIVORA, WATERH.

By E. A. Andrews, B.A., Entomologist to the Indian Tea Association.

Helopeltis theivora, the Tea Mosquito, is the worst insect pest of

tea, and is responsible for enormous losses every year.

The insects suck the young leaves and shoots. At first the portion

sucked shows as a round pale area on the leaf, and generally a tiny drop

of liquid can be seen at the spot where the proboscis of the insect was

inserted. Later, the extreme edge of the area, and the central spot,

turn brown, and the brown colour gradually extends all over the area

until the patch shows as a light-brown spot. This gradually darkens

until it becomes absolutely black, and by then the texture of the patch

has become hard and dry. By the coalescence of a large number of

such patches on the leaf the whole leaf becomes black and shrivelled,

and eventually falls off. But the damage does not stop here. The

discoloration extends down the centre of the shoot, and I have known,

in severe cases, new shoots twelve inches long to be killed right back.

When one shoot has been killed off, the bush attempts to throw out

another, which is likewise killed off, and in badly attacked tea there

is often a broom-like growth of blackened shoots at the top of the

branches, and the bushes look as if they had been scorched by fire.

The life-history of the insect is somewhat as follows :—The insect

hatches from the egg as a small amber-coloured spidery-looking larva,

which bears a superficial resemblance to the adult, but is wingless and
without any trace of the scutellar horn characteristic of the genus. At
first the larva is covered with conspicuous hairs, which gradually dis-

appear as the insect becomes older. After the first moult the scutellar

horn appears, and after the second moult the wing-buds can be made
out.. There are two more larval stages, and after the fifth moult the

adult insect emerges. Copulation takes place shortly after emergence.

The male generally dies after copulation, but I have on several occa-

•eions got one male to fertilize two females in captivity, and the female
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may be fertilized by more than one male. Eggs are laid two days or

so after fertilization, the number of eggs laid (in captivity) varying-

from fifty to more than five hundred. The eggs are laid in the tissues

of the plant, and their position can be ascertained owing to the presence

of two fine hairs which project externally. They may be laid in the

base of a bud, in the mid-rib of a leaf, or in the young shoot, and towards

the end of July, when the insects are beginning to attain large numbers,

the eggs are often laid in the broken end of a plucked shoot. This

habit of laying in the ends of shoots from which leaf has been plucked

protects the eggs from any chance of being removed by the pluckers,

and is of great importance, as it means that from about the end of July

to the end of the season close plucking, to remove the eggs, is of little

avail.

The insects are exceedingly active in all stages, and feed principally^

during the early morning and late afternoon and evening. They attack

all varieties of tea, but especially China and hybrid varieties and certain

delicate varieties of light-leaved indigenous kinds.

The distribution of the insect I discussed at the last Meeting, and

I then also discussed the effect of climate on the pest. The action of

insecticides, and their value as a means of control, I discussed in my
paper on Insect Control at the first session of this Meeting. There is

therefore no need to go over this ground again.

Hand-catching is still largely relied upon as a means of control^

and, though by no means a cure, is yet of considerable value in alle-

viating attacks of the pest.

Our investigations during the past two years have been directed

to the problem of the effect of soil conditions on the incidence of the

pest. At the last Meeting I spoke of the relationship found to exist

between the ratio of available potash to available phosphoric acid in

the soil and Hehpeltis attack. I spoke also of the effect of the attack

of the insect on the composition of the leaf, and of experiments carried

out with potash manures to see whether the pest could be controlled

by increasing the ratio of available potash to available phosphoric acid,

I told you then that the experiments made seemed to point to the

presence of some factor or factors in the soil which controlled the rela-

tive availability of the potash and phosphoric acid. Applications of

potash manures were successful in some instances, but not in others.

Experiments have since been carried out, by adding, in the one case,,

sufiicient soluble potash manure to raise the ratio i^diTbie phosphoHclTdd

to the required degree, in the other case, a quantity of potash manure

sufficient to allow of enough being present in any available form after

a quantity proportional to
(totm pota.h

'"^^^^^;f g-^'^^^f^;^';^;"^'^'^
'" '^' ^""^ has
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"been rendered non-available. The plots to which these manures were
applied were half shut up by the pest at the time of application. At
the end of the season the first plot was almost shut up, while the second

plot was certainly no worse, and if anything slightly better.

The estate on which this experiment was carried out contains rather

mixed tea, that is to say, China, hybrid, and indigenous bushes are

mixed together in any one section. A survey of the garden, in which
over 4,000 bushes were examined at intervals, was made, and this survey

showed that the intensity of attack was certainly not controlled by the

variety of the bush, but by the nature of the soil, for one patch would
be better or worse than another, independent of the " jat " of tea.

In addition to the field experiments, however, investigations were

carried out in the laboratory to ascertain the nature of the behaviour

of the various manures when added to the soil. A grey sandy loam
soil and a red clay soil were treated with potash and phosphatic manures,

and analysed at intervals to ascertain the behaviour of the manure.

It was found that in both cases the potash manures gradually became
fixed in the soil, and rendered non-available, this effect increasing with

time. In both cases, the phosphatic manures were slightly fixed at

first. In the case of the red clay, however, this fixation increased with

time while in the case of the grey sandy loam the phosphoric acid, after

first being fixed, was subsequently liberated in an available form, until

at the end of three months the whole of the phosphoric acid added was
found to be present in the soil in an available form. Thus we have been

able to detect, in the laboratory, a difference between the two soils

which results in the liberation of phosphoric acid in the one and it^

fixation in the other.

We have gone further into this matter, and endeavoured to find

which fractions of the soil contain the bulk of these two constituents

in an available form, and have found that in the heavy soil practically

all the available potash is present in the clay, while practically all the

phosphoric acid is present in the sandy portion. Investigations regarding

their distribution in the grey sandy loam are still proceeding.

31.—LANTANA INSECTS IN INDIA.

By Y. Ramachandra Rao, M.A., F.E.S., Entomological Assistant {on

Lantana Work).

Lantana is probably sufficiently familiar to most of you not to need

any detailed description. It is a moderate-sized shrub with prickly

branches and bunches of pretty httle flowers varying greatly in colour

VOL II. • R
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and setting into small rounded fruits. It belongs to the Natural Order

of Verbenacese under wbicli are grouped the following forest trees, Teak

and Callicarpa, and garden plants like Clerodendron and Verbena.

The plant under investigation is one of several species of Lantana—
almost all natives of Mexico and South America— and has been carried

to the various parts of the Tropics as a garden plant. There are

numerous varieties of Lantana found cultivated in India, differing from

one another in the colour of the flowers, but all appear to belong to one

species, Lantana camara (or acideata). There is one species of Lantana

that is indigenous to India, L. indica. It has been recorded throughout

India, but so far as I know it occurs in the greatest abundance .in the

Hill Districts of South India.

The Life-history of Lantana.

Though never attaining the dimensions of a tree it grows into a

.

large-sized shrub attaining to a height of nearly ten or twelve feet and

often climbing to a height of thirty feet or more supported by the trunks

of trees. When under favourable conditions the plants grow close

together in thick masses the branches tend to elongate into runners

attaining a length of thirty to fifty feet and interlace with those of the

neighbouring bushes so as to lead to the formation of dense thickets

which neither man nor beast can penetrate. It is a perennial and is

blessed with longevity. It is also possessed of a high vitahty which

plant-breeders might well yearn for to infuse into their hybrids.

When the climate is favourable the plant flowers throughout the

year, but where the summer is very dry, it may completely dry up and

put forth shoots again when the rains again set in. It flowers profusely

and the quantity of fruits produced is enormous. The fruits as they

ripen develop a soft sweetish pulp and turn blue-black in colour. The

fruits are freely eaten by birds, chiefly by the bulbul, but the kernels,

being hard, are not acted on by the digestive juices and are cast out

along with the excreta without the germinating power being impaired.

Its present distribution.

The beauty of the flowers having attracted the attention of man,

the plant has travelled step by step from its original home in Mexico

into almost all parts of the Tropical and Sub-tropical world. We have

reports as to its having become a nuisance in Hawaii, Java, Ceylon,

the Ma'ay Peninsula, Fiji and Queensland. In the Indian Empire

it is represented in one part or other of all the Provinces, but it is chiefly

a long the long stretch of country on either flank of the Western Ghats

from the latitude of Bombay down to Travancore, that Lantana
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has obtained a firm hold and become a serious pest. In other parts

of India, it is only in certain restricted tracts that it has spread injuri-

ously, as for instance, around Maymyo in Burma, around Chikalda

in the Central Provinces, around Haldwani in the United Provinces,

around Madhupur in the Punjab, and around Shillong in Assam.

The circumstance that the plant is found in numbers only in certain

restricted localities is no guarantee that it will not spread into other

places. In some places it is certainly only a question of time as to

when it will completely overrun the country, though in other places

it is probably very unlikely that, owing to adverse conditions, it will

ever spread.

History of introduction.

Wherever Lantana has run wild it has been invariably reported

that it had originally been introduced as a rare plant, later on planted

around bungalows and paths to form a live-fence. If left undipped,

the fence in a few years attains huge proportions and grows into unsightly

thickets. The fruits are eagerly eaten by birds and are spread broadcast

all round and the plant thus escapes out of cultivation and where condi-

tions are favourable spreads like wildfire. Watercourses and channels

seem also to play a fairly important part in the spread of this

plant, for the ripe fruit, when dry, freely floats in water. The

spread of Lantana is governed by the presence or absence of certain

favourable conditions. Firstly, it needs a fairly heavy rainfall. It

does not flourish in a dry climate nor does it relish very heavy rainfall.

Secondly, a well-drained soil is very favourable for its spread ; it does

not thrive in waterlogged situations. Thirdly, it is a lover of sunhght

and cannot make headway in dense forests under heavy shade ; and

fourthly, very low temperature is inimical to its growth. It cannot

survive frost and snow. In localities which fulfil the above condi-

tions, as for example, along the flanks of the Western Ghats of South

India, the weed grows with extreme luxuriance and covers all available

open places

The Lantana 'problem.

In the cultivated areas Lantana is very easily kept out, for the few

weedings even the most careless cultivator has to give to his crop will

necessarily keep the interior of his field free from it. In public commons
used as general pasture grounds and in wastelands the case is different.

Little by little the weed encroaches on the grass-land until the greater

part of the pasture is covered over and, owing to the simple reason of

its being common property, nobody attends to the removal of Lantana.

In forests again it is a great problem. In thick forests it has no

chance whatever owing to the heavy shade, but the case is altered

r2
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when part of it is felled and a clearing made. Before the seedlings of

the forest trees have had time to grow and fill up the blanks, intro-

duced by the agency of birds, Lantana springs up rapidly and in a short

time covers the clearing so densely as to choke the seedlings altogether.

Around villages in the infested areas, it forms dense thickets giving

shelter to wild animals, and also conduces by the cover it provides to

make the village surroundings extremely insanitary. In the Malnad

area of Mysore, it is believed that malaria has increased in virulence

€ver suice Lantana occupied the open areas and tended to the conser-

vation of moisture to a much larger degree.

Although owing to the above reasons most people condemn it as

an injurious weed, there is also an opposite camp that holds that it is

really a blessing in disguise. According to them, the plant has great

soil-renovating properties. Under the dense cover of its thickets, the

soil-moisture is conserved and by the huge mass of leaves shed by the

plant in the course of a decade a rich humus is formed. One has simply

to cut the Lantana, set fire to it when fairly dry and plough the ashes

in and the land is fit for any crop—coffee, tea or orange. It is reported

that soils, which before the advent of Lantana had been unfit for any-

thing, have since been converted into virgin soils in which anything

coidd be grown. The ashes are reported to be rich in potash and func-

tion as a valuable manure. Lantana is also believed to be a valuable

nurse for sandal.

However, it is only in moist areas where any vegetation will flourish

that Lantana thrives, and in dry areas where its soil-improving proper-

ties would be of the greatest value, it does not grow, so that its much-

vaunted quahties do not come into play where they are really needed.

In forests, the part it takes in the spread of fires is enough to stamp,

it as a noxious weed of the worst degree.

Lantana destruction.

When undertaken at the very outset extermination • of Lantana

by mere mechanical means is quite feasible, but when—as is the case

in many places—it has become established over extensive areas it

becomes a very expensive and almost impossible measure. In the

plateau of Chikalda in Berar, the plant had been introduced in 1865

and by 1890 it had not only spread all over the tableland .but had

extended into the forests along the slopes. Control measures were

undertaken in 1893 and, in the course of ten years, more than

Rs. 25,000 had been spent in uprooting Lantana. As the number of

plants had become considerably diminished, operations were stopped in

1903.
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When I examined the area recently last month (January 1919) I

foimd masses of Lantana yet standing in parts of the forests along the

road from Ghatang to Chikalda, and even on the plateau where destruc-

tion had been most carefully attended to, numerous plants were notice-

able, growing undetected in odd corners. This shows how difficult it

is to attempt to exterminate Lantana where it has really overrun the

land. At present, in Coorg, operations on a very large scale are in

progress, for exterminating Lantana in the forest areas. Lantana stems

are first cut and set fire to, in summer when dry. The stumps and

roots are dug out when the rains commence. For three or four years

in succession, the same area is watched and all Lantana seedlings are

carefully removed. By the fifth year the seedhngs of the forest trees

sown by the Department have had time to shoot up and form a leaf-

canopy under cover of which Lantana cannot flourish.

As may easily be conjectured, destruction by mechanical means

is by no means an easy task and would involve the expenditure of

enormous sums of money, if the aim be to exterminate Lantana

throughout the country. Unless the work is done with the thorough-

ness it demands, it is probable that it will all be labour wasted, for^

if a few plants be left unnoticed in odd corners, or if the roots are not

removed, there is nothing to prevent the plant from spreading and

becoming a nuisance once again.

Lantana in Hawaii.

It is not in India alone that Lantana has become a serious pest.

The same problem has come into existence in various parts of the Tropics.

In Hawaii, it was reported to have been originally imported about

1858. The Indian Mynah which had been imported into Hawaii is

reported to have been chiefly instrumental in spreading the plant through-

out the island. By the eighties, Lantana had increased enormously

and become a serious problem for the ranchmen. About 1900,

Mr. Koebele, the Entomologist in Hawaii, hit upon the idea of

examining Lantana in its original home in Mexico and studying the

conditions existent there. In 1902 he visited Mexico and found that

Lantana there was subject to the attacks of various insect enemies,

chief among which was the Lantana seed-fly, a small Agromyzid, the

maggots of which bred in the unripe fruit and destroyed the embiyos.

There were also a Plume-moth and two butterflies, the larvae of which

bred in the flower-buds and led to a decrease in fruit production. There

were in addition a leaf-miner, a Tingidid bug on the leaves and a gall-

fly in the shoots. He sent parcels of all these insects to Hawai where

they were bred and liberated by Dr. Perkins, another Ent^^J^„; ,
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In about three years, it was reported that the spread of Lantana in

Hawaii had been very greatly checked. In Hawaii this method was

however to some extent marred by the introduction by irresponsible

persons, private ranchmen, of the Lantana bug, Orthezia insignis,

which, though an extremely effective check on Lantana, was found to

spread to cultivated plants.

In 1908-1909, a shipment of seed-fly was reported to have been made

from Hawaii for New Caledonia and in 1912 we hear of the fly having

been successfully introduced there. The seed-fly appears to have been

introduced into Fiji in 1915, and a Bulletin was pubhshed in 1916

reporting successful results. In Februaryl917, seed-fly was introduced

from Hawaii into Queensland.

The successful results reported by the entomologists in Hawaii

and Fiji led to the question of the advisability of trying the same method

in India also. On the question being referred to them, all the responsible

entomologists in India warned the Government of India as to the risks

involved in the introduction of foreign insects into a new country, as

it was impossible to estimate the potentialities of an introduced insect

in its adopted country. They further considered that the indigenous

insects attacking Lantana in India might first be studied, especially

with reference to their efficiency in preventing the spread of Lantana

in India. Hence my deputation on Lantana work.

Lantana ivorJc.

I have been engaged on this work since 15th November 1916 and

have, under instructions from the Imperial Entomologist, visited

liantana-infested tracts in the various parts of India. Nearly five

months were spent in Coorg, which is without question the part worst-

affected by Lantana in India. After Coorg, parts of the Wynaad, the

Nilgiris and the Anamalais, portions of Mysore, the Ramandrug Hills,

Dharwar, parts of Burma and Assam, parts of the United Provinces,

the Pimjab and the Central Pro\'inces were visited, and as far as possible

observations as to the occurrence of pests on Lantana have been made

and specimens of insects collected and reared.

There have, however, been certain factors which have tended to

limit the degree of thoroughness of this work. If the best results are

to be obtained, it is indisputable that Lantana ought to be examined

at the right time in each Province in order to observe with accuracy

the degree of maximum effectiveness of the chief insects of the parti-

cular Province. Owing to the large area to be covered, it was of course

impossible to arrange to visit each Province at the really proper time.
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For example, I visited Burma during the dry season and it is probable

that the time of the visit was one of the reasons why, in a country so

teeming with insect-life, so few insect pests were noted on Lantana.

Again in some places, people did not know what Lantana was and

in general I found it rather difficult to get information as to where

Lantana occurred in abundance. In this connection I beg to acknowl-

edge the great help received from the Officers of the Forest and Agri-

cultural Departments in the various places visited by me.

Furthermore, my examination could not be restricted only to areas

where Lantana occurred in particular abundance, for those places in

which it might be found in small numbers, are of equal and possibly

greater importance. Though the paucity in numbers might possibly

be due to the unsuitabihty of the chmate, or the texture of the soil,

or might be due to the plant having been quite a recent introduction

or due to the circumstance of the variety introduced being a sterile

one, it might also be due to the activity of insect enemies. Hence a

thorough study within a prescribed time of the enemies of this plant

in a vast country like India, becomes an impossibility.

However, what we really want to know is whether there is in India

any insect that will be capable of readily acting as a check on Lantana,

es|tecially one of the nature of the Agromyzid of Hawaii. If such an

insect really occurred in India, it is very probable that it will have been

dEound breeding during the greater part of the year and traces at least

of its occurrence are bound to have been found even during the dry

season.

Lantana insects.

Numerous insects have been noted feeding on Lantana in India,

chiefly in the South. Most of them attack the flowers, the fruits or

the leaves, and there were very few found damaging the stems or the

joots.

On the flotvers, the following are some of the insects noted :

—

Platyptilia fusillidactyla, the Plume-moth which is found in Mexico

and was one of the insects introduced into Hawaii ; two species

of Lobesia ; a Cacoecia ; Homona sp., etc. ; several hairy cater-

pillars, such as Diacrisia eximia, Olene mendosa, Ewproctis

scintillans, etc. ; the Noctuid, Hypena sp. ; two species of Euble-

mma ; two species of Geometrids ; two Meloids ; three

Cetoniads

—

Protatia, etc., which attack the basal part of the

flower-bunch ; four species of grasshoppers ; a Cecidomyiad causing

^alls in flowers ; several Capsids ; and two species of Thrips,
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On the fruits.

Platyptilia, Lohesia spp., Eiihlemma spp., Zizera gaiha (a butterfly

larva ; taken only once) ; several bugs (Plantia, Halyomorjjha,

Antestia, Nezara, etc., and several Capsids),

On the leaves.

Several species of hairy caterpillars {Diacrisia, Pericallia, Creato-

notus, Trahala, Olene) Htjpena sp., two or tliree leaf-rollers^

(Adoxophyes, etc.), two CTeometrids, several Grasshoppers, twa-

Scale-insects and an Aleurodes.

On the stems.

Arhela sp., attacking the bark, a Shot-hole borer, Scale-insects,

etc. {Orthezia in an Estate on the Nilgiris), a bark-fungus in

South India.

Roots.

Termites in a few instances, and a fungus of the Polyporus type.

In addition, a species of Dodder has been noted attacking Lantana

in some of the moist areas as at Kathgodam, Dehra Dun, parts of Burma,

etc.

Thus a fairly large number of insects has been noted on Lantana,.

especially in the South. Of these Platyptilia (the Plume-moth) is the-

only one of the Mexican insects that is already found here. If breeds

also in Lantana indica and Lippia geminata, but owing to the occurrence'

of parasites, its usefulness is considerably minimized. The most

important of the Mexican insects is undoubtedly the Agromyzid fly.

No insect of that sort has yet been noticed in India breeding in the

fruits and it is very unhkely that it will be found in India. Caterpillars

of the Plume-moth and Lohesia sometimes attack the fruits too, but

generally in most of these cases the embryos which are lodged in special'

pockets of the hard shell are uninjured. The Cecidomyiad, which

causes galls in fruits, is, even when it occurs in maximum abundance,

of low efficiency and it is probable that it is identical with the gall-fly

in Sesamum, which renders it a dangerous insect to introduce elsewhere.*

So far as my observations go, there is no insect which is

really efi&cient by itself in acting as a check on Lantana. The fly does

not seem to occur here. Under these circumstances, the next question

probably is whether we can safely import it into India. We know it

has been breeding in Havsaii since 1902. If the Agromyzid had been

an insect capable of turning its attention to other plants, it has surely

* Note. Dr. Felt has since informed us that the gall-flies in Lantana and Sesamum
are quite distinct.

—

Editor.
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been in Hawaii sufficiently long to have definitely shown such tenden-

cies. Being a part of the Tropics, the flora in general and the crops

in particular in Hawaii are unlikely to be very dissimilar to those in

India. If the fly has not become a pest of other plants during a decade

and a half in Hawaii, it is not more likely to do so in India. Moreover,

unlike Scale-insects, which will adapt themselves to almost any plant,

the fly is a type of a specialized insect. The ivr Agromyzid which we
find in India, has, so far as I know, not been reared from any other

plant and it is as unlikely that the Lmitana fly will turn its attention

to any other plant than perhaps L. indica. I think, therefore, that

there will be no special danger in introducing it into India, but before

doing so, I am of opinion, that we ought to make sure by writing to the

Entomologists in Hawaii and Fiji and New Caledonia, requesting them

to let us know their experience in the matter. The behaviour of the

fly might also be studied among crops of various kinds, under control

in breeding cages, before actual introduction.

It must of course be kept in mind that our aim in introducing this

fly is not to exterminate Lantana but to check the spread of the plant

by minimizing the seed production. If this be accomplished, Lantana

would settle down into the rank of many a harmless weed whose presence-

we do not much care about.

In Mexico and in Hawaii there is a Chalcidid parasite that acts as

a check on the increase of the seed-fly. In Fiji it appears that the-

parasite has been introduced along with the fly and has proved a clog

on the usefulness of the insect. It will probably be necessary that the

factor of the parasite should, if possible, be eliminated, if the seed-fly

is to be introduced.

Inquiries might also be made of the Fiji entomologists if the seed-

fly, unaided by the other insect enemies of Lantana in Mexico, is capable-

of checking the spread of the plant.

Plant fests.

Lantana and Opuntia (Prickly Pear), which a?e familiar cases of

introduced plants spreading injuriously in the countries of introduction,,

are by no means the only instances of this sort. I have personally met
with numerous examples of garden plants escaping into the surrounding

area and trying to elbow out the indigenous vegetation, but usually

they are mostly annuals and are not sufficiently vigorous. There is

however the well-known case of the water hyacinth, and another plant

which is at present spreading in alarming numbers and with much greater

rapidity than Lantana in the forests of Burma and Assam and around

Calcutta. I refer to a plant of the Order Compositse

—

Eicpatorium odora-
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turn, a West Indian species introduced as a garden plant and known
as Bi-zat in Burma. It is incomparably a greater nuisance than Lantana

in Burma and Assam, and measures ought to be taken to prevent it

spreading into the moist tracts of Southern India and Ceylon, where

it is sure to become a greater nuisance than Lantana.

This is merely a preliminary note on Mr. Eamachandra Rao's work
on Lantana during the last two years. He is now writing up his results

more fully and they will be published in due course.

As regards the introduction of the Agromyza into India, the conditions

are not so simple as Mr. Ramachandra Rao would lead us to beheve.

It is true that in Hawaii it has not attacked any plants other than

Lantana but, as Mr. Fullaway pointed out in his paper, the position in

Hawaii is rather a special one. For one thing there are no Verbenace-

ous plants of any importance other than Lantana ; this is by no means

the case in India. I have had a good deal of correspondence with the

Hawaiian entomologists on this question and there does not seem to

be a very united body of opinion even in Hawaii regarding the real

effectiveness of the Agromyza, of which, by the way, I have sonje speci-

mens if anyone would care to see them.

32.—A NOTE ON CRABS AS PESTS OF RICE.

By C. C. Ghosh, B.A., Assistant to the Impenal Entomologist.

Reports have occasionally been received of damage to growing

rice plants by freshwater crabs. The question came up for discus-

sion at the Second Entomological Meeting held at Pusa in February

1917 and the information then elicited will be found at pages 155—159

of the published Proceedings of that Meeting. Some observations

were afterwards made by the writer in a few villages in Bankura district

and in a large rice-growing tract known as Barail in Muzaffarpur district,

comprising villages Barail, Munni, Banra, Lobanra and a few others, at

a distance of about six miles to the north of Pusa. These observations

are briefly described in this paper.

A few broad facts concerning the life-history and habits of fresh-

water crabs, partly derived from the writer's past experience in his

own and neighbouring villages in West Bengal and partly gathered in

the course of this inquiry, will not be out of place here.

Crabs are always found in ponds in West Bengal but seldom in large

numbers. They live in holes near the edge of the water and although

the mouth of the holes may be in dry ground and clear of water there

is always water in the holes and the crabs actually live in water. They
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are also found to live at the bottom of the ponds where they go apparently

in search of food and are frequently brought up in the fishermen's nets

and sometimes cut the angler's fishing line. Other reservoirs of water

such as ditches and burrow-pits dug on either side of high roads also

harbour crabs. These crabs are dark brown in colour and are edible,

A yellow-brown crab is very common in rice-fields in the Bankura

district in the rainy season. Breeding takes place about July-August

when young crabs are extremely common in the shallow water standing

in the fields and the larger ones are found to carry the brood in the

brood-pouch under the abdominal fold. At the close of the rainy season

Avhen the water dries up from the fields, the crabs burrow underground

and hibernate and eestivate there, coming up and resuming activity

in the next rainy season. The writer remembers to have seen many
years ago in his native village in this district, a crab resting in a small

chamber just big enough for itself at a depth of about 5 or 6 feet in a

field where a well was being dug in the hot weather about April-May.

The chamber was moist or rather slightly muddy. The crab was resting

and would have come out in the rains. A crab collected from these

fields in July 1917 has been identified at the Indian Museum as Paratel-

phusa {Barytelphusa) sp. nov ? allied to P. {B.) napea, Alcock. But it

is not known how many species actually occur there. Although crabs

are so common in these fields no damage is ever reported to be caused

by them to the rice crop. It may be noted that these rice-fields, like

most of the rice-growing lands in West Bengal, are situated on hiorh

land. They are not marshy and do not afford any opportunity to the

rainwater to collect in deep pools. In the rainy season water has to be

collected in them by means of bunds or banks around them. The only

trouble from crabs is that they make holes in these bunds and allow

the water to escape. This is probably the experience of all paddy-

growers in high lands. Therefore it is a routine with the cultivators

to visit their fields every day during the whole period when the presence

of water is essentially necessary for the crop.

In order to be able to see crabs at a place where damage is reported

to be caused by them to rice plants, a visit was paid to Barail in Muza-
ffarpur District on the 25th October 1917. Here there were thousands

of acres under rice and the entire area was still under water, at some
places several feet deep. Only small portions here and there, situated

on higher levels, were free from water. The place is a low land and
remains under water from about June to November every year. On
the way to Munni, a village situated somewhere about the middle of

this tract, numerous crab-holes could be observed near the edges of

the water on both sides of the road which was of the form of a high
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embankment througli the rice-fields under water. Crab-holes were

similarly present on all mounds and embankments in the midst of the

fields. The crab-holes were deep holes underground, each w^ith a large

mass of earth thrown out of its mouth, much like, though very much

larger than, the casting of earthworms. The local people reported

that as it was the end of the season the crabs were taking shelter in these

holes where they would remain till the next season.

At Munni, in walking through the plots from which the water had

receded but which still had small pools of water here and there, a

medium-sized crab was observed in the act of cutting a rice-plant

in ear. The plant was sheared off entirely about three-fourths of an

inch above the soil across the third internode from the roots. The cut,

not exactly transverse or smooth but somewhat lacerated and obhque,.

extended for about one-third of an inch in length. No portion of the

stem was observed to be eaten. The crab was disturbed by our approach

and it moved away, thus making the water turbid. It sat buried in

the substratum of mud in such a manner that it was altogether hidden

from view and to locate and catch it became difficult. This specimen

got mixed up in the general lot. But so far as can be remembered

it was Potamon (Acanthopotamon) martensi, Wood-Mason. At one-

place, about a foot or a little more under water, a plot about one-fourth

of an acre in area was observed in which the crop in ear seemed

to have been thinned and many plants were floating on the surface of

the water. The owner of the plot ascribed the damage to crabs. The

plants were cut near their bases and the incision seemed to-be caused

by crabs. At another place which was under about three to four feet

of water, floating, plants could be collected which were similarly cut

by crabs near the base. It was evident that the crabs lived at the

bottom of the water and as practically during the whole of the rice-

growmg season the entire area remained submerged, the greater portion

of it under several feet of water, the crabs were quite out of sight and

reach. The people ascribed no damage to crabs in the earlier stages

of the rice plants and said that grown-up plants were attacked and

always in patches here and there.

The children of a class of local people known as Mushahars were

asked to collect some crabs for specimens. Five of them, two girls

and three boys, all about 8 or 9 years old, volunteered at once. It

was not easy to locate and find out the crabs in the rice fields. The

children resorted to the following modus operandi. There were numer-

ous crab-holes by the sides of roads and bunds and by the edges of the

receding water. The children thrust their whole arm into those situated

near the edges of water and pulled out the crabs quickly. Every holer
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did not yield its tenant which in some cases most probably happened

to b« beyond the arm's length of the children. On an average one

crab was obtained from one hole in every three. Sixty crabs in

different stages of growth were thus collected in a very short time. In

all about 80 crabs were obtained. They comprised the following three

different species as determined in the Indian Museum, Calcutta, after-

guards :

—

(1) Potamon {Acanthopotamon) martensi, Wood-Mason.

(2) Paratelphusa {Pamtelphusa) spinigera, Wood-Mason.

(3) Potamon {AcanfJwpotconon) sp. nov. allied to P. {A.) ivood-

masoni, Alcock.

The majority of them were P. {A.) martensi. P. (P.) spinigera was

fewer in number. While there were only a few specimens, probably

only one, of the new species of Potamon which happened to be sent

to the Indian Museum for identification. At the time they were

collected no attempt was made at discrimination and they were kept

together in the following manner in a shed in the Insectary compound
in two zinc cylinders. About six inches of earth was placed in the

cylinders and stools of rice plants about three-fourths grown trans-

planted into it and then water was poured in so that it stood about

two inches above the level of the earth. In one cylinder two feet in

diameter fifteen crabs were put in with ten stools having 49 plants.

In another cylinder three feet in diameter 55 were kept with 80 plants

in 1 7 stools. They seemed to be at ease in both the cylinders. Between

26th October and 15th December only five plants in the smaller cylinder

and 6 plants in the larger, were cut and none afterwards. No part

of the cut plants was observed to be eaten. The crabs lived in these

cylinders up to June 1918. All did not live, many dyuig at intervals.

Thus at the end of April 1918 only three in the larger cylinder were

alive and none in the smaller. They did not breed and were not observed

to be dormant at any time. There was no food unless of course they

derived anything from the mud and water. Mosquitos were breeding

in the water but there was nothing to show that the crabs were preying

upon the mosquito larvae. Probably they did not require any food

as they are known to hibernate and sestivate underground from about

December to June under natural conditions.

On the 13th April 1918 a second visit was paid to the same locality

at Muimi where the crabs were collected in October 1917. The

fields were perfectly dry at this time. A search was made for crabs

in two reservoirs of water and they could be found in holes near the

edge of the water but their number was by no means large. Several

boys took several hours to collect 30 only. Those collected were in
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different stages of growth as observed in October. They were not

dormant, as freshly made holes were observable. Both P. (A.) martensi

and P. (P.) spinigera were present, the former being in larger numbers.

In the dry fields which were not yet ploughed up the dried castings

of crabs were prominently noticeable as small mounds of earth. The

holes came to view when these castings were removed. Five such

holes were dug out and at a depth of about 10 to 12 feet five crabs were

found, one in each hole. These five are shown in the photograph.*

The three larger ones are P. (P.) spinigera but the largest of them is

only about half the size of large specimens of spinigera observed in this

locality. The two small ones in the photograph are P. (A.) martensi

and they are quite young. The earth at the depth where these crabs

were found was soft and muddy but there was no water although a

little water was oozing out into the pit. The holes were open through-

out their length and not clogged or blocked anywhere. The crabs

were not actually dormant but they were certainly less active and less

agile than when observed'ln water in the rice fields in October.

A third collection of crabs from the same locality was made on 20th

January 1919 in holes near water where available. Four men took

about the whole day to collect 41 specimens which were in different

stages of growth but none of them appeared to be full-grown. Out

of these 41, only four were P. (P.) spinigera and the rest P. (A.) martensi.

The season of activity of the crabs at Barail lasts throughout the

rains. The MusJialiars, who use these crabs largely as food, said that

breeding takes place in Asar (June-July), i.e., the early part of the

rains, when the mothers are observed to carry the brood in the brood-

pouch under the abdominal flap. The crabs live in the fields as long

as the latter are under water. When the water recedes or dries they

make, and go into, holes underground. The holes are extended down-

wards with the subsidence of the level of the subsoil water. The winter

and summer are passed in these holes. From the size of the hibernating

and sestivating specimens collected at different times, it would appear

that these crabs take several years, probably three to four or more,

to become full-grown. Large numbers of them, probably all which

escape from enemies, successfully liibernate and sestivate. In fact

it becomes necessary for them to be able to do so when they take such

a long period to attain full-growth. Their underground life is a great

help in this respect. In order to give a rough idea as to the numbers

which hibernate and sestivate, it may be mentioned that in an area

of about 50 yards by 40 yards of the plot of land in which the five crabs

* Not reproduced.
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mentioned above were dug out, there were 107 dry castings of crabs.

It was certain that many more castings had been displaced and removed,

this place being the pasture ground, during the hot weather, of hundreds

of cattle from even distant villages.

Barail is situated on the north side of the river Gandaki flowing

by the Pusa Estate. On the south side there are large rice-growing

tracts in which no damage by crabs is reported, though crabs

are common at a distance of only about two miles from these fields

on the opposite side of the river. These fields do not allow water to

accumulate in the way the Barail fields do. The local people explain

the presence of crabs in Barail fields and their absence in the others

by saying that the Barail fields are flooded every year and many crabs

come into these fields with the flood water. This however does not

seem to be the actual fact. These crabs do not live in sandy beds of

rivers. Moreover they are creeping and not natatory in their locomo-

tion, being structurally incapable of swimming. They cHng to the

surface of the earth as a rule. Therefore there is hardly any likelihood

of their being carried off, at least in large numbers, by a current of water.

The real reason appears to be the presence of several feet of water in

the Barail fields for about half the year. It is also probable that parti-

cular soils afford favourable conditions for excavating holes.

Before proceeding to a discussion of the conditions of damage to

growing rice plants by crabs, a few remarks may be made on their

enemies. In Burma Mr. Shroff notes that herons, storks, cranes and
other wading birds are natural enemies of crabs. While herons, etc.,

may destroy some of the young ones, it is doubtful whether any birds

prey upon crabs as a rule. The greatest of all enemies are human
beings. Everywhere the lower classes of people eat these freshwater

crabs, while the children of higher classes too indulge in them in some
parts of the country. In Western Bengal the pond-Hving ones are

preferred as food to the field-living ones. Marine crabs are of course

liked and eaten by various classes of people and form a regular sale-

able article for food like fish in Calcutta. According to the Ayurvedic

system of treatment, crabs are a wholesome diet for patients having

pulmonary complaints including consumption. At Barail the Musha-
hars collect the crabs in large numbers and eat them. It is said that

in this way cartloads of crabs are disposed of every year. They are

also evidently eaten by other classes of people besides the Mushahars,

as they are brought for sale to the local Tiats and pettiahs and the usual

price is a quarter of an anna for about a pound containing about 10

to 30 crabs according to size. Jackals are known to eat field crabs in

Western Bengal, parts of the hard carapace and limbs of crabs being
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found in their droppings. There are many folk-tales current in which

the crab figures as the aunt of the jackal. It is said that the jackal

has a peculiar trick of getting the crab out of the hole. The tail is

thrust into the hole and when the crab has caught hold of it with the

pincers it is pulled out and the crab with it. It is not known how far

it is true. But to anglers in ponds in Western Bengal the crab isknov/n

to keep its hold on the fishing hne which is being pulled up to the surface

'of the water. It is not known what other enemies prey upon crabs.

In the writer's experience crabs have not been observed to cause

damage on any scale although plants have been observed to be cut

and the crop thinned in patches. It could not be made out why plants

were cut in this manner. They certainly did not afford food to the

crabs. If the crabs had eaten the plants or had been obliged to cut

them in order to get their food, it was clear from the enormously large

number present in the Barail fields that severe damage would have

resulted and probably rice-growing would have been impossible there.

No damage was reported at Barail to be caused to the young crop.

According to Mr. T. V. Ramakrishna Ayyar, the soft central puljjy

parts of young paddy plants are eaten by the crab, Pamtelfhusa hydrc

dromus, which occurs in Madras. In the grown-up plants observed

to be cut at Barail and also in confinement in the Insectary, the part

-of the plant tackled by the crab was only a hollow tube. In Burma

according to Mr. Shroff the principal damage due to crabs is in the

form of burrows in the bunds between the fields which allow the water

to percolate through. This, as noted above, is experienced probably

in all high lands under paddy. In Burma some mischief is also reported

to be caused to young plants, especially young transplants, which are

said to be pinched off. It seems almost certain that the Barail crabs

derive hardly any food from paddy plants. To the -writer it seems

that they cut some plants not by choice but owing to an inherent habit

of occasionally pinching with their pincers long and slender substances

and probably those which stand vertically. It is a common experience

of anglers in ponds of Western Bengal to have their fishing lines cut

by crabs a little above the point of attachment of the hooks wdiich are

thus lost. In some places a large number of crabs happen to be present

and therefore a large number of plants happen to be cut. This is why
damage occurs only in patches here and there and such damage may
be severe occasionally.

From observations so far made the Avriter comes to the following

conclusions :

1. Crabs occur in all places Avhere water accumulates and stands

for long periods. They are therefore hkely to and do occur in all



PEOCEEDINGS OF THE THIRD ENTOMOLOGICAL MEETING 687

rice-growing fields, whether high or low. The highlands having only a

few inches of water for a comparatively short period, the conditions are

unfavourable to the crabs and their natural enemies have better chances.

Therefore in such lands only a small number of crabs appear. While

in low lands, having deep water for the greater part of the year, the

conditions are altered both for the crabs and their natural enemies.

Therefore a large number of crabs are found in such lands. Of course

much will depend on the habits of particular species.

2. In North Bihar crabs cannot be considered a pest of rice in the

strict sense of the term. In high lands no damage is reported to be

done to the crop itself, although a form of indirect harm to it may be

caused by the burrowing of holes in the bimds through which the water

escapes from the fields. In low submerged lands wliich afford favour-

able conditions the number of crabs present is usually large and owing

to their habit of cutting across thin long substances some plants may
be cut by them. In such lands therefore it would be a gain if some

means could be adopted to diminish their number every year as a

matter of routine. For this purpose collection by hand is the only

feasible and the cheapest method.

Has anyone got any information about the natural enemies of crabs ? Mr. Fletcher.

Crows attack crabs. Mr. Inglia,

I do not know how far you believe the story about the jackal catching Mr. Fletcher.

crabs by means of thrusting its tail into the crab's hole but there is

rather a curious confirmation of it, in the case of the fox, given by

Olaus Magnus, a Scandinavian Bishop who lived in the sixteenth century.

He says :

—
" Sometimes fearing the multitude of wasps, he counter-

feits and hides himself, his tail hanging out : and when he sees that

they are all busy, and entangled in his thick tail, he comes forth, and

rubs them against a stone or tree, and kills them and eats them. The
same trick, almost, he useth, when he lyes in wait for crabs and small

fish, running about the bank, and he lets down his tail into the water,

they admire at it, and run to it, and are taken in his fur, and pull'd

out." In this old woodcut [exhibited] you see a fox with his tail in the

water and a number of cray-fish " admiring at it," to use Olaus Magnus'

words. So it seems quite possible that the jackal actually does catch

crabs in this way.

The same tale is current in South India and also in Bombay.
^ ,x 11 11 111- -.

Mr. Ramkrisca
In Mysore the crabs are usually caught by hanging a rope down Ayyar.

into the water and, when the crabs get hold of it, they are pulled up. Mr. Kunhi

But, as they let go their hold when near the surface, a hand-net is used
'^^^^^^'

to net them.

VOL. II s
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Mr. Bamakrislina

Ayyar.

Mr. Deshpande.

Mr. Ramakrishna
Ayyar.

Mr. Senior-White.

Mr. Ramakrishna
Ayyar.

Mr. Deshpande.

Mr. Ramakrishna
Ayyar.

Dr. Gough.

Mr. Ramakrishna
Ayyar.

Mr. Pillay.

Mr. Ramakiishna
Ayyar.

In some places shells of water-snails are tied at the end of a rope,

and, by moving the rope, a jinghng sound is produced, and this sounds

like the noise of water coming in and the crabs come out of their holes

and are then hooked. I have seen this done several times.

In some places they grind together two stones, with sand in between
them, and the crabs think it is raining and come out of their holes.

Crabs are doing damage in South India. As a rule the crabs are

carnivorous but the young ones probably cannot get the desired food

and so they take to paddy seedlings. We have actually seen them
cutting paddy and after dissection found paddy in their stomachs.

The adults live in holes and these holes are not as Mr. Ghosh described.

They are winding about and at the bottom of the hole is a little water.

We tried the following bait. We made small balls of Paris Green,

molasses and bran and placed them at the mouths of the burrows. At
the time there was no crop in the field. This worked very well for two

or three days and we killed thirty or forty crabs out of a hundred holes.

They did eat the bait as was proved by the examination of their stomachs.

But after two days they did not eat any. We do not know why. It

is only the seedling that is damaged and if this is protected for a week

or ten days there is no more trouble. We used a wire-gauze screen

at one place and it kept them out for sometime, but it is not possible

to do this over large areas. In lands which are irrigated they are bad.

They hibernate as adults and breed in June or July, i.e., in the early

Rains.

How big are the balls you use ?

As big as a marble, half an inch or so in diameter.

Crabs in many parts do not damage the paddy plants directly but

are harmful indirectly as they make holes in the bunds and let water

out. In one field there were five hundred holes in a bund.

We had a similar complaint from the Salt Department. Holes

were made and water drawn off.

In Egypt a Poratelphusa ? bores holes in dams and lets the water

out.

We tried crab-pots. They are deep pots and are kept with their

mouth just above the water level and we keep in them some fried things.

Crabs drop down in them and they are not able to get out.

In our parts crabs do damage to paddy in the following way. During

the summer the whole field is under water and then we make bunds

and draw off the water. The crabs make holes and the water comes

in again.

Why the damage is not visible is, I believe, due to the fact that

in most places handfuls of seedlings are put in one place and if two
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or three are cut it is not noticed, but when they are put singly the

damage is more noticeable. The cultivators therefore do not like this

mode of cultivation. The only enemy we have in Madras is Ardeola

grayi. By draining off the water we noticed some reduction in the

number of the young crabs which went to lower fields with the water.

33.—NOTES ON SOME LAND AND MARINE CRABS AND FIELD-

SNAILS WHICH ARE PESTS IN BURMA.

By K. D. Shroff, B.A., Entomological Assistant, Burma.

Land Crabs.

The specimens of land-crabs collected from the paddy fields in

different districts were identified by Mr. Kemp, Superintendent of the

Zoological Survey of India, as the following :

—

(a) Potamo7i dayanum, Wood-Mason,

(h) Potamon calvum, Alcock.

(c) Potamon andersonianum var rangoonense, Roth.

(d) Potamon pealianum, Wood-Mason.

Of these, Potamon dayanum is the most common species. The

last two species were received from the Southern Shan States.

Experiment with mahaga on Land-crabs.

MaJiaga {Linostoma decandrum, Wall.) is a creeper which grows

on and at the foot of the Kachin hills. The roots of this creeper are used

for poisoning fish. They are pounded and mixed with mud and water

and allowed to stand for four or five days. The mixture, which becomes

most offensive in odour, is baled into the water and all fishes and insects

living therein are killed.

Eight plots, each eight feet square, were prepared wdth raised bunds

and in each plot ten crabs were put after the seedhngs were transplanted.

Then the mahaga-wsiteT was poured into these plots. The crabs managed

to escape during the night. The plants ought to have been killed by

the poison, but they were not, and it is presumed that the maJiaga-

powder, which was two years old, had probably lost its property.

Marme crabs.

The paddy fields of Burma, which are completely flooded in the

rains and then communicate with permanent sheets of water like rivers,

creeks and the sea, are affected by the inroads of multitudes of certain

species of marine crabs and field-snails. The following species are

found along the seacoast and the margins of rivers and tidal creeks

s 2
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but very little is, in fact, kncvvii, at present, of their habits and life-

histories.

Marine Crabs.

(1) Varuna litterata, F.

(2) Metaplax dentipes. Heller.

(3) Sesarma edwardsi, de Man.

(4) Gelasimus acutus, Stiinpson

(5) Ampullaria sp., . . . Field-snails.

1. Varuna litterata, F.

(Vernacular name Paung-ganan or Paung-si-ganan.)

According to the reports of the District and Settlement officers, the

Varuna crabs come up from the sea with the high tides and enter the

paddy fields. They are, at that time, too small to cause any damage

to the crop. The young grow in the soil of paddy fields and small

creeks and, when full-grown, migrate to the sea for oviposition at the

spring tides of the following year.

The female crab lays her eggs in the sea or on the sea-coast and the

young, which hatch out, come up, as already stated, along the creeks

and shelter in the fields.

In the Hanthawaddy district it is said that the yos (blind water

courses) and clmungs (streams) are black with them and. while the

migration to the stream-banks is going on, cattle cannot go about the

fields.

The adult crabs nip and eat up the sprouts ; hence the sowing is

delayed and carried on only after they quit the fields and before the

young come up from the sea. It is not practicable after the invasion

of the young, as the fields stink badly from their presence.

It is said that the whole field, where young plants have just sprouted,

is destroyed in a single night. It is usual to ascertain whether the adult

crabs have departed or not by scattering a few handfuls of seed in the

flooded fields. Should this come up, sowing is continued ; if it does

not, fresh experiments are made.

Personal Inquirij and Observation.

The adult crabs go down to the sea, as stated above, with the spring

tides in July and August for oviposition, and the young, which hatch

out, come up with the high tides in September and October in such

great masses that they cover the banks of the creeks which look white

whilst they remain there, for a day or two if the water is low. They

are carried up into the fields over very extensive areas with the tidal

water. The tidal water remains on the fields for two or three hours
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"during which time the soil becomes soft and the young penetrate into

it on the ebbing of the tide.

Water is not necessary for the existence of these crabs, since they

remain in the soil till they migrate to the sea in the following year,

nor do they travel in Burma to seek fresh or salt water as stated* by

Dr. W. T. Caiman, the Carcinologist of the British Museum, London.

The habits of the species are more terrestrial than aquatic and not

more aquatic than terrestrial as described in Mr. Kemp's Memoirs of the

Indian Museum referred to by Dr. W. T. Caiman.

Although it is not exactly known to what depth they go down into

the soil after the harvest of the paddy crop and in the hot season, yet

from an examination of the infested fields, which was made on the 1st

March 1918, it is presumed that it is six to nine inches deep after the

harvest and nine to twelve inches deep in the hot season. On the 1st

March 1918 a large number of them was found eight or nine inches deep.

They live in the bunds as well as in the open fields. While digging

for the specimens of Varuna litterata, Metaplax dentipes was also found

along with the Varuna in larger numbers. In a space of about 16 square

feet, 47 Varuna and 150 Metaplax were dug out. Both the species

"lemain in the cracks and under the clods where the soil is moist.

The cultivators seem to be ignorant of the fact that the Vartma

;and the Metaplax live together in the field and that the number of the

Metaplax predominates over that of the Varuna.

It has yet to be ascertained which of the two species is really more

troublesome. The Metaplax may also be responsible for the destruc-

tion of the paddy sprouts, but the Varuna is most probably the chiet

cause of the trouble. The cultivators notice the annual migrations

of the adult Varuna to the sea and the ingress of the young to the fields

in masses and they hold this species alone responsible for causing the

delay in the agricultural operations which they complam of
;
they are

probably right in this behef, as the sowing is possible after the migra-

tion of the Varuna, notwithstanding the presence in the field of the

Metaplax, which do not go to the sea like the Varuna.

In the crab-infested localities, no nurseries are prepared or seedUngs

transplanted, as is done elsewhere in the Province, but the seeds are

steeped in water for four or five days and when they germinate and

grow to a length of | to | inch, they are sown broadcast. If the seeds

are sown before the Varuna quits the fields and the sprouts are eaten

up by it, the cultivators, who can afford to do so, buy seedlings at high

rates from uninfested localities and transplant them into their fields.

* He stated this in his report of the Director of the Imperial Bureau to Entomology

British Museum, to whom I had referred.
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But it is not always possible to get them, as the cultivator generally

prepares his nurseries according to the requirements of his own field.

Owiug to late sowing on account of the presence of the Varuna in

the field, the vigour of the plants and consequently the quaUty and

the outturn of the crop are said to be affected. The outturn is beheved

to suffer to the extent of 15 to 20 baskets {i.e., Ks. 15 to 20 at least)

per acre.

In the Amherst, Thaton, Hanthawaddy and Myaungmya districts,

the area affected by this species is along the sea coast and the riversides,

the approximate length of which is 96, 42, 32 and 20 miles respectively.

2. Metajulax dentijjes, Heller.

(Vernacular name Ganan-chi-she.)

This crab is called the long legged crab (ganan-msiv'me crab, cAi-legs,.

sAe-long) by the Burmans, as it has long legs.

It is said to climb up the plants and eat them from the top down-

wards. According to the village headmen of the Ziekre village, Thaton

District, it destroys an area of 10 acres in two nights if there is no water

in the field. If there is water in the field, it practically causes very

little damage. It is said to be very destructive on accretions and virgin

forest lands newly brought under cultivation.

The Burmans, Taungthas and Karens boil and fry V(}runa and

Metaplax and eat them with nga2n (rotted salted fish).

3. Sesarma edwardsi, de Man.

(Vernacular names Thayaw ganan ; also Pha-in-ganan in Moulmein.)

This crab is called Thayaw ganan because it is found on or near the

Eccoecaria, which is known as Thayaw bin (bin-tiee), in the vicinity of

which it makes its burrows. According to the report from the Amherst

District, it is said to pinch or squeeze the tender stalks of young paddy

plants with its claws and to eat them up. In the Hanthawaddy District,

it is said to live all the year round along the edges of the tidal creeks

and yos (blind watercourses). It, sometimes, proves very destructive

by burrowing into the bunds and letting in salt water into the fields.

Some cultivators do not regard this crab as injurious to paddy

plants.

The Burmans do not eat this species of crab as it is believed to cause

diarrhoea.
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4. Gelasimus acutus, Stimpson.

(Vernacular names Phongyi ganan ; shwe-ganan ; Ganan-ni.)

This crab is of a bright reddish orange colour, hence it is called

Phongyi ganan, (monk-crab) from the reddish orange colour of the
^

Buddhist'monk's robe. It is also known as Shwe-ganan (golden-coloured

crab) and Ganan-ni (red crab).

It is said to cause no damage to paddy but to feed on mud. It

makes nearly perpendicular burrows in the soil on the high ^yet banks

of rivers, creeks and streams.

At the Second Entomological Meeting, which was held ui February

1917, I read only a few extracts, describing the habits of the Varuna

litterata, from the Settlement Reports of the crab-infested districts.

No discussion was, in fact, then made on the measures of control and

the notes, which I read, being meagre, were taken back from the

tj-pist and are, therefore, not included in the Proceedings of the Second

Entomological Meeting.

Further investigations were carried out in 1918 and the informa-

tion, collected at that time, is given above for discussion at the present

Meeting.

The following experiments were contemplated but were rejected

as impracticable over extensive areas.

1. For the 'prevention of the infestation offields—

(a) Prevention of the ingress of the flood water during the period

of the year when the young are known to come up with the

high tides from the sea, e.g., by hunds constructed with

earth and fascines along the face of the area subject to infesta-

tion and

(6) cleaning the flood-water by drag-nets and dealing with the

young before they enter into the fields with the tidal water.

2. For the control of the ijoung, to use—

{a) hot water,

(6) tobacco water,

(c) unslaked lime,

{d) crude earth-oil,

(e) mahaga.

3. For the treatment of the soil, to use a few days before sowing

paddy

—

(a) Mezali leaves {Cassia siamia).

(6) Tama leaves {Melia indica).

(c) Adhatoda vasica.
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It was found that these trees are sparse in the crab-infested districts.

Even if they were plentiful, the transportation-charges would be prohi-

bitive.

The experiments of dragging with nets in the fields before sowing

and importing seedlings for transplanting into the fields after the migra-

tion of the Varuna litterata to avoid delay in sowing were suggested

by the Agricultural Chemist, but they are, says the Director of Agricul-

ture, Burma (in his letter No. 2808-1E-2, dated the 15th June 1918),

not hopeful as, even if demonstrated to be effective, the increased cost

of cultivation would probably deter cultivators from applying them.

A few experiments with tobacco, yenan (crude earth-oil) and mahaga

might, if possible, be tried in the ensuing season in small plots ; but

these, even if they prove successful, would hardly appeal to the culti-

vators, as the treatment would be expensive on extensive areas.

As the agricultural operations are delayed till the migration of the

Varuna crabs to the sea, the difficulty might be overcome if any late-

growing variety of paddy could be introduced into the localities subject

to infestation.

The name of any such variety, if known, and a scheme of cheap

practicable experiments on the marine crabs and field-snails, if any

recommendable, might be communicated.

Field-Snails.

Ampullaria sp. (?)

(Vernacular name Le-Jcayu.)

As this snail is found in the fields, it is called Le-kayu (Field-snail : Le

field, kayu snail) by the cultivators. According to the Taking culti-

vators of the Amherst District, these snails eat up the paddy seeds which

are sown. The cultivators, therefore, collect and throw them into the

creeks before they start sowing. However, it has to be done twice or

even sometimes thrice in badly infested fields. Their number is so great

that half to one basketful of snails is collected from a plot of -5 acfe.

They generally infest swampy places. In the absence of rain, they

remain in the soil ; when the monsoon begins and the fields are ploughed,

they come out of the soil.

34._ISTOTES ON THE RED WORMS FOUND IN THE NGACHIMA
PADDY AT HMAWBI.

By K. D. Shroff, B.A., Entomological Assistant, Burma.

The presence of these worms was first noticed in Lower Burma by

the Assistant Botanist, Southern Cirde, in a hmited area and only in
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the variety of paddy known as ngachima. They appeared again in

1917. In 1918, their attack was almost insignificant. The plots, in

which they were found in large numbers, were not manured
; but they

were also present in the plots which had been treated with nitrogenous

manures. The yield of the attacked plots was seriously affected.

Probably the same kind of worms was also found in the soil of the plots

wherein sickly plants were seen.

The worms are found under the sheaths, in the tissues of the sheaths

and among the roots of the rooting paddy transplants which are said

to emit a bad smell.

Personal observations in September 1918 showed in many plots

plants with the outer leaves rotting and apparently looking like plants

infested with red worms, but there w^as no trace of the worms inside

them. Besides, many of these uninfested rotting plants also emitted

a bad smell like the infested ones. From this it is presumed that the

decay and the bad smell may not be due to the pressnce of the worms.
The plants probably suffer from some disease or something is -wron^^

with the^soil. The ngachima and a few other varieties of paddy show
signs of a fungus disease, under the attack of which the outer leaves

are first affected ; the upper parts of the leaves dry up and the lower

ones in contact with water decay. Manured as well as unmanured
plots showed the presence of this disease. It was worse in plots manured
with nitrate of soda.

Specimens of the diseased leaves from various plots were collected

and sent to the Imperial Mycologist, Pusa, for identification. He
says,

" In the specimens from the field manured with potassium sulphate,

fungus hyphee can be traced in the collar. As there is no
fructification, it is not possible to say whether these hyphse
belong to Rhizoctonia or Sclerotium Oryza. Complete plants

should be sent for examination, as the trouble is very hkely at

the roots or at the collar. The dried leaves, that have been
sent, do not show the presence of any parasitic organism."

It has not been definitely ascertained whether the worms attack

the green tissues of the plants and cause decay or whether they
follow the decay brought about by some other cause at present un-

known.

The knowledge of the food-habits of the worms and the identifica-

tion of the fungus disease under suspicion will probably solve the pro-

blem, which puzzles us at present.
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35.—SOME PROBLEMS IN FOREST INSECT CONTROL.

Bij C. F. C. Beeson, M.A., I.F.S., Forest Zoologist, Forest Reseorch

Institute, Delira Dun.

In order to appreciate the position of forest insect control in relation

to the study of forest entomology generally, it is necessary to recognize

certain fundamental characteristics in the constitution of the forests of

British India, and in the methods by which they are managed.

The first striking character is the absence of epidemics of primary

pests, that are capable of killing off healthy, hving, trees over large areas.

The forests of Central Europe have for the last century suffered consider-

ably from fatal outbreaks of lepidopterous defoliators and boring beetles.

The forests of the United States and of Canada have to contend against

serious epidemics of caterpillar and saw-fly pests and the depredations

of bark-beetles, which accompany fires and lumbering operations.*

In British India, on the contrary, no primary pests are known that

are capable of killing healthy trees in natural forest and no secondary

pests have increased to epidemic incidence and completely destroyed

appreciable areas of pure forest, or even all the individuals of one tree-

species in a mixed forest. The factors contributing to the absence of

epidemics are complex, but they arise from the existing ecological condi-

tions of the forests, and from the methods by which they have been

worked since the time of their reservation.

It is not possible to define the peculiar conditions more precisely

in this paper, but, in illustration of the absence of any tendency to

epidemic development of pests in natural forests, the following cases

may be cited.

1. The sal, Shorea robusta, is the foodplant of a heartwood borer,

Hoplocerambyx sfinicornis, which normally breeds in dead "or diseased

trees. Recently a locahzed endemic outbreak of this borer has occurred

in a sal forest in the United Provinces, and a large number of trees has

been killed annually by direct preliminary attack. The area of the

infestation is small, some 7 square miles ; the annual death-rate varies

from 8,000 to 12,000 trees, but the total mortahty represents only a small

percentage of the growing stock. The forest has been under close

observation for three years and it has been found that the progress of

the attack is extremely variable throughout the area. In a given unit

area, say 100 acres, the rate of increase of the pest, expressed in the

number of trees killed, may rise from three to ten times, and then

decrease to a half or a tenth in a period of four years ; in other words,

* Vide Beeson, C. F. C, " Forest Insect conditions in India." Agric. Jourl. India,

Special Indian Science Congress Number, 1918, pp. 114-124.
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the intensity of attack is constantly shifting its foci, with a general

trend from the highly attacked localities to those in which the incidence

is lower. The effect of the attack of the insect on the forest approxi-

mates to a heavy thinning but never to a clear felling.

One might be tempted to consider this instance as a case of serious

damage by an insect pest, but the forest has also received attention from

the sylvicultural aspect and has been diagnosed as much over-stocked

and in a generally unhealthy condition. Thinnings are being made in

accordance with modern sylvicultural principles and a far greater number

of trees is being removed by these operations than by the insect.

2. A second instance may be taken from the Sunderbans. In 1909

a cyclone blew down several thousand sundri (Heritiera Fomes) trees.

The normal consequence of such an occurrence in the forests of Central

Europe would be an epidemic outbreak of woodborers and bark-beetles.

No epidemic occurred in the Sunderbans and attack by shothole borers

and bark-beetles was confined entirely to trees with diseased roots along

the banks of water channels and islands.

3. A third illustration is found in the sal forests of the Duars, where

an abnormal mortality of sal was reported five or six years ago. On
investigation the dead trees were found to contain a mixed fauna of

heartwood and sapwood-beetles and shothole borers. Careful enu-

meration failed to show a preponderance of one species to which the

blame for primary attack could be assigned, while the presence of an

appreciable proportion of dead trees without insect attack led one tO'

suspect other agents as the primary cause of death. This was even-

tually discovered in the form of a root fungus, which was itself conse-

quent on unfavourable conditions of soil-aeration.

While emphasizing the immunity of Indian forests from epidemic

outbreaks of insects I do not wish to imply that injury from secondary

pests is equally neghgible. The existence of insects capable of causing

technical damage to timber or of producing loss of increment and delayed

growth is an indisputable fact. It is becoming annually more evident

that these insects will in the future be capable of causing serious loss,

and there are also indications that several species now of secondary

importance will modify their habits and take on the role of primary

pests.

But at the present moment the need for the wholesale control of

insects injuring forest trees has not yet arrived. Injury due to insects

is only one factor causing loss of forest capital. The other factors are

more easily and more profitably controlled than the insect factor, and

require to be ehminated before the latter can be considered as a.

practical measure.
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This fact does not appear to have been recognized in the early years

of Forest Entomology in this country. The Departmental literature

of that period is characterized by the output of a large number of incom-

plete seasonal histories and fragments of hfe-cycles, with detailed sugges-

tions for the control of the pest thus created. The suggestions were

based mainly on the weaklink theory, and faith in the successful apphca-

tion of European methods to the conditions of Indian forests.

As a natural result we find that the control measures recommended

have, since the day of their invention, remained recommendations.

They have never been tested practically, nor has the demand for control

measures been heard from those officers whose duty it is to establish and

protect the forest crop

This aspect of the relationship of insects to forest growth may appear

strange when viewed from the standpoint of Agricultural Entomology,

but it must be remembered that the rotation of the forest crop is one

hundred years and more, whereas the rotation of the agricultural crop

is annual. We are to-day estabhshing the forest crop, and in a few

cases only have we reached the stage of cleaning and tending operations,

while the final harvest is not in sight.

The present policy of *forest insect control may be summarized

in a few words :

—

(1) Where intensive cultivation of forest plants is carried on (e.g.,

in nurseries, in the establishment of plantations, in artificial

regeneration, etc.), intensive methods of contro] are necessary.

Such operations, however, are not forestry but agriculture,

and the principles of agricultural pest control are directly

applicable.

(2) Where the technical damage to the existing standing crop is

sufficiently high to affect the sale value of thinnings and final

fellings, special problems arise and special investigations are

required.

(3) Where modern sylviculture aims at the removal of the existing

natural forest, and the substitution of an artificial type of

forest, conditions are created for the evolution of pests

which at present are economically negligible or do not exist.

It is in connection with the management of such forests

that the majority of control problems arises, and the main

object of a control policy is to shape the guiding principles

of crop-production and crop-protection in a double mould

while both are in a state of flux.

The following examples illustrate the types of problems now being

investigated.
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1. The Beehole Borer of Teak.

The Beehole borer, Diiomitus ceramicus, Wlk. (Fam. Cossidse) is-

the most serious pest we know of teak forests in Burma. It is apparently-

absent from India. The caterpillar is a heartwood borer, which attacks

teak trees of all ages and sizes from the sapHng 10 inches in girth to the

veteran overdue at the "saw mill. The larval gallery or so-called
" beehole," which Hes more or less vertically in the heartwood, attains

a length of nine inches, and the diameter of one's thumb. The life-

cycle is annual and the beeholes formed in one year are overgrown by
the next season's wood, so that by the end of its life the teak log may
be riddled with beeholes from the core to the skin. Such timber is of

course useless for constructional purposes.

A rough estimate puts the loss at 20 per cent of the gross value of

teak in the natural forests of Burma.

In pure teak plantations in which the borer increases rapidly the
loss is likely to be several times greater. No plantations are yet old

enough for the final felling, but there is every indication at present that

all trees in the final crop will be seriou.sly beeholed.

The problem of the beehole borer is almost unique. Its work is

unusually inconspicuous in the forest and the location of infested trees

is in consequence extremely difficult,—even to an entomologist. Not
only are absolute numbers very small (there are perhaps not more than
one hundred individuals per acre each year), but for more than ten

months of the year they are hidden inside the trunk of the tree and no-

wood-dust or gum or discoloration is produced to mark the presence of

a single borer. The timber merchant is unable to judge if the trees he
purchases are badly beeholed, until he cuts them in the saw mill.

For an insect of such obscure habits it is impossible to conceive

control measures based on direct trapping or destruction. Even if a

very attractive bait or lure were devised, its practical utilization would
be prohibited by the prolonged emergence period of the moth, a period

which extends over three months and represents a daily catch of two
moths only. And what sort of trap can one devise to kill two Cossid

moths per night in a Burma forest, that will not at the same time destroy

thousands of other insects of unknown importance ?

Accepting the premise that we shall not abandon the poHcy of growing
teak pure or in plantations, we have now to devise some methods of

tending the crop throughout the rotation of, say, seventy years. An
obvious remedy is the use of an alternative food-plant as a trap- crop,

but at present none is known. In Java the pest is said to attack

Sfatliodea camfanulata and Sesbania grandifora, but we have yet to-

find an alternative host in Burma.
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A second possibility of control lies in the conduct of thinnings :

—

(1) In order to kill the borers present in infested trees, the most

favourable time to fell is in November or December. The feUing of

trees should therefore be carried out shortly after marking.

(2) We have discovered that the liabiHty to attack is proportional

to the girth of the tree and is independent of its state as a dominant,

dominated or suppressed tree.

The incidence of the borer can be reduced, therefore, by felhng all

suppressed trees marked in a sylvicultural thinning instead of leaving

them to die.

(3) The more frequently thinnings take place and the greater the

proportion of large-girthed trees removed the more marked is the reduc-

tion in the absolute numbers of the borer. Beyond a certain point,

however, these two factors are adverse to the development of the maxi-

mum yield in the crop. We have now to determine the point at which

the advantages in one direction balance the disadvantages in the other

direction.

A third control measure lies in the isolation of pure stands of teak

by belts or blocks of other species in order to delay the introduction of

the borer and to restrict its subsequent development. Here again we

have methods which favour the control of the hoiei opposed to

sylvicultural and economic principles.

The collection of statistical data is at present directed to the elucida-

tion of these points.

The beehole borer is an example of a pest with an annual hfe-cycle

and one known food-plant ; the next type to be considered is that of a

pest with several generations in the year and several host-plants.

2. The Shoot and Fruit borer of Toon.

The shoot and fruit borer of toon, Hypsipyla robusta, Moore. (Fam.

Pyralidse), has an annual cycle of five generations. The caterpillars

of the first generation feed on the flowers of the tree ; those of the second

generation on the fruits, and the remaining three generations bore

inside the green shoots of the current year's growth. Its importance

as a pest lies in the damage done by the broods attacking the shoots.

The leading and lateral branches of young trees and saplings are killed

ofi to so complete an extent that the season's growth is entirely nulli-

fied, and the development of the sapling is checked for many years.

Eventually one or two leaders in the bushy broom-like formation escape
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attack, and a slight growth in height is obtained, but the resulting tree

is SO much forked as to be useless for timber.

The weak link in the seasonal history of the insect occurs in the

first two broods. In the absence of the flowers or fruit of toon or of

mahogany and other Meliaceous trees, these generations are very serious-

ly checked. Shoots are not produced during this period by the host-

trees except in insufficient quantity and the incidence of the pest suffers

a very considerable reduction, which may amount to a complete
hiatus.

We have therefore a simple protective remedy. In order to estabHsh

a toon or mahogany plantation, it is sufficient to remove all flower-

bearing host trees in the neighbourhood. If it is necessary for sylvi-

<;ultural or other reasons to retain these trees, another measure must
be adopted. A protective barrage must be established round the site

of the plantation or regeneration area, by sack-banding the flowerin»

trees and destroying the toon moth larvae in the forest, just as codling

moth larvae are destroyed in fruit orchards.

Later, when the young trees have grown up and begin to flower

the pest may gain a foothold. But, during this period the methods of

crop production, which aim at prolonging the height growth and checking

the tendency to crown expansion and flowering, are also methods of

crop protection. They may be assisted, if vitally necessary, by sack-

banding during the first two generations. Towards the end of the life

of the crop when it is opened out for diameter increment, and possible

natural regeneration, sack-banding will be necessary annually. That
particular problem will arise in some fifty or sixty years time and may
safely be left to the Entomological Service of the period.

The case of the toon shoot borer with its successive generations of

different habits is analogous to that of many important lepidopterous

defoliators. The notorious teak defoHators, Pyrausta machoeralis,

H'ljhlcea puera and their associates, do not pass the whole of their seasonal

history on teak. The times of leaf-flush and leaf-fall vary in different

parts of its habitat, and in those locahties where teak comes into leaf

late the defoliators develop a,^ least one brood on other food-plants.

We are now endeavouring to discover the foodplants of these defoHators

-and their preferences ; but investigations so far have shown that the

defoliation of teak is produced by a truly bewildering complex of

Noctuids, Pyralids, Arctiads, Curculionids and Melolonthids ; which
seems to indicate that we have undertaken to investigate the habits

of a large portion of the insect population of the forest.

Leaving the Lepidoptera, an example may be cited of the problems
\presented by the Coleoptera,
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3. Bark-beetles.

I have already mentioned that the forests of India have not suffered

appreciably from the epidemic attacks of bark-beetles. We have not

been faced with the Dendroctonus problem of the coniferous forests in

the United States and Canada, or with the bdrkenMferfmge of the country

that used to be Germany. Nevertheless it is inevitable.

The changes in the management of the coniferous forests of the

Himalayas, which are accompanying the revision of working plans,

will produce fundamental alterations in the composition and aspect of

these forests. The existing irregular uneven aged stock is being con-

verted into uniform forests ; that is to say, into forests of one or very

few species arranged in regular blocks in which all the trees are nearly

of the same age. These blocks are produced on areas cleared by one

felling or by two or three fellings at intervals of a few years. In the

first case the area is planted up artificially ; in the second, reliance is

placed to a great extent on the natural regeneration by seed-bearers

left on the area for that purpose.

Bark-beetles breed in the slash and felling refuse ; and, since most

Himalayan species have three or four broods a year, rapid increase is

possible.

Ips longifolia, Steb., the large pine bark-beetle, is a species which is

beginning to give trouble in chir pine forests. Normally it is a secondary

species breeding in dead trees ; but, on felling areas of rhe uniform

system, a succession of generations develops in the bark of the felled

trees, and in the refuse on the coupe area after the logs have been

extracted ; and then in the following season, finding no more dead

breeding-material, it is forced to attack living trees or migrate. By a

series of massed attacks the bark-beetles break down the resistance of

the young growth on the regenerated area, and overwhelm it. To

adopt a familiar simile, they now consolidate their ground. The broods

emerging from the killed pine saplings adopt the same tactics with

equal success against the young growth in the vicinity. But mass

attacks on any field of battle are costly and the amount of territory

gained in each successive onslaught decreases, until the zone of action

is reduced to a few centres of resistance, which eventually disappear.

The attack is spent, and the trees now have the situation well in hand.

Before this stage is reached the Forest Officer intervenes and nulli-

fies the success of his plant allies by making another felling. This act

supphes the bark-beetles with powerful reinforcements. The mass

attacks are repeated and each year with each annual coupe a fresh

batch of beetle reinforcements is called up and a corresponding number

of chir trees is killed, These are the tactics now being developed by the
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large pine bark beetle, with tlie evident intention of becoming a primary

pest.

The counter-attacks possible against this mode of invasion are

simple. (1) The removal of the bark of trees as soon as they are felled,

(2) the burning of the slash and brushwood on the area at the close of

the felling operations, and (3) the early destruction of affected trees.

The broader strategy is more complex, but is primarily based on the

arrangement of felling areas into series, so that the coupe of any one

year is not in the neighbourhood of areas under regeneration or near

the coupe of the year before.

In this case the size and location of the felling area as determined

by the rules for protection are at variance with those required by the

principles of extraction and utihzation. The problem to be solved

involves not only the entomologist but also the sylviculturist, engineer

and utihzation officer.

I have tried to indicate that we have roughly three classes of control

problems :^(1) the control of pests of intensive cultivation, in which

direction Forest Entomology approaches most closely to Agricultural

Entomology, (2) the reduction of damage by insects to the standing

crop, where the damage is greater than that from other more easily

controllable factors, and (3) the prevention of pests which are likely to

arise from the new conditions produced by new methods of forest manage-

ment, and particularly the creation of uniform forests and pure planta-

tions.

In conclusion, I wish to indicate a few of the difficulties attendant

on the investigation of problems of the last two classes. The principal

difficulty lies in the scale on which an inquiry has to be carried out,

both in area and in time.

The sample plots that we are using in observing the seasonal history

of Hojplocermnbyx spinicornis are not small areas ; none is less than 50

acres. These areas represent check plots for a block of forest of several

square miles, which is kept under continuous detailed observation foj*

at least 5 years.

In South India, again, we are establishing plots to watch the effect

oi annual defoliation of teak on the girth increment. The trees will

be felled at the end of a ten-years period and the annual increment of

defoHated and immune trees compared.

In Burma we have observation areas on the ecology of the beehole

borer in several forests of the Pegu Yomas and the Upper Irrawaddy

valley, that were started four years ago. We have also discovered a

method of obtaining accurate informatica on the past history of the

VOL. II T
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pest by systematic stem analyses and dating of beeholes. It is thus

possible to compare changes in the incidence of the pest with fire

protection, climatic and historical records for at least as far back as

the period of British occupation extends.

When we worked out the seasonal history of the toon shoot borer

over 120,000 insects were utilized and in testing the control measures

all trees on an area of nearly three square miles were protected by sack-

banding.

I have chosen the same pests throughout to illustrate my points

but others, if cited, would show equally well that for an investigation

to be of practical value it must be carried out over a large area and for

a long period.

The time factor in experimental Forest Entomology is very great

but not so great as in experimental forestry. The Forest Entomologist

has at least the consolation of seeing the results of his own work.

We are much obliged to Mr. Beeson for coming here and giving us

such an interesting paper. We in the Agricultural Department have

very little opportunity of seeing anything of Forest Insects or of acquaint-

ing ourselves at first hand with the problems of Forest Entomology and

therefore we are hardly in a position to discuss this paper. I should,

however, imagine that, as the study of Forest Entomology progresses

m India, w^e shall find that we have many very destructive pests

—

possibly even some primary pests—whose very existence is at present

unknown simply because they have never been noticed or reported.

Certainly that is the case with many agricultural crop-pests. We are

constantly coming across—and that often quite by accident—cases

where a large amount of damage has been done to crops over a long

period without the facts ever having been brought to entomological

notice, and in many of such ca^es the insects concerned are themselves

new and undescribed forms. The damage done by Agrotis ypsilon at

Mokameh, which totalled several laldis of rupees annually, had been

done for many years before it was ever brought to our notice and then

it only came to light more or less by accident. And, if this is so in the

case of the densely-populated agricultural tracts of India, it is, I think,

safe to ini«r that it is still more the case in many of the areas under

forest. The main requirement at present of Forest Entomology—as

indeed, of all other branches of Entomology—in India seems to be a

large increase of stafi for investigation of the numerous insects which

are at present levying in the aggregate an enormous toll on the wealth

of the country.
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36.—THE PRESERVATION OF WOOD AGAINST TERMITES.

By T. Bainbrigge Fletcher and C. C. Ghosh.

During the last eight years we have made numerous tests of various

proprietary preservatives advertised for use in India as protective to

wood Uable to attack by Termites. The following tables show the

results :

—

Creosote.

It
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Powell Process.

The first lot of twenty pieces of powellized wood were all attacked

within eight months and were stated by the Company not to have

been treated properly. A second lot, sent in for trial as properly treated,

was placed underground on 17th October 1911, and consisted of twenty

pieces of wood, weighing 24-25 lb. on receipt. On 22nd July 1913,

after 21 months, three pieces were found to have been eaten into. By
27th February 1914, four other pieces were found to have been attacked,

after an interval of 29 months. By 3rd May 1915, seven more
pieces were found attacked, 43 months after having been buried. On
1st August 1916, another piece was attacked, after 59 months. On
1st August 1918, another was found eaten into at one end, after 82

months, and only two pieces remained of the original twenty, the others

having been lost or eaten without leaving any trace.
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Lead Arsenate—contd.
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Mortant.

Date
buried

Period
(months)

Deodar

Do.
Do.

Jarrah'

Deodar
Mango
Teak
Deal

Boiled in Mortant
20 per cent, water
80 per cent. 17tli

Oct. 1911.
Do.
Do.

Immersed in cold
Mortant and
allowed to soak as
much as possible,

15th Oct. 1911.
Do.
Do.
Do.
Do.

21st Oct. 1911 .
, 16th Sept. 1913

Do.
Do.
Do.

Do.
Do.
Do.
Do.

Do.
20th Feb. 1913
11th AprU 1916

20th Feb. 1913
Do.

16th Sept. 1913
20th Feb. 1913

Sideroleum.

No.
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Solignum.
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Timborite.

Two pieces of Bombax wood were given seven coatings in shade on

three days (6tli-8th April) and buried on 10th April 1916, and were

found untouched up to 1st August 1918, a period of 28 months.

Two pieces of deal were given two coatings (on 6th and 8th April)

and buried on 10th April 1916, and of these one was found eaten out

on 28th February 1917, after an interval of 11 months. The other piece

was wholly eaten by 1st August 1918, a period of 28 months.

Two more pieces of Bombax wood, two of deodar, two of mango

and two of sissu were given four coatings in March 1917 and buried

on 20th March 1917. By 1st August 1918, one of the pieces of sissu

had failed, after 16 months. The rest were reburied.

Lead Chro77iate.

Two pieces of wood treated with Lead Chromate were buried on 29tli

November 1910, and were found shghtly attacked by 14th June 1911,

within a period of seven months.

Siderosthen.

No.
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thin liquid smelling of creosote. They were buried on 31st August
1916 and were untouched up to 31st July 1918, a period of 23 months.
They were reburied for further test, and this trial is therefore incom-
plete.

Placing these various processes in order as regards efficacy, so far
as our experiments show this, we obtain the following results :

Months

Creosote (hot), more than
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Does not the variety of wood make a difference 1

Certainly it does, and therefore we have tried several different kinds.

Do you think there is some difference when the wood is buried

entirely underground and when part of it is underground and another

part of it outside ?

Certainly ; the part underground is attacked first.

Did you try hot creosote under pressure ?

No ; we have no pressure plant. Certainly, the more you can get

into the wood, the better. Creosote seems to be the best preservative

but cannot well be used for indoor purposes ; for outdoor use it is good

and well worth using where durability is desired.

I have heard, although I have not tried it myself, that corrosive

sublimate, mixed with mortar and spread in a layer when the founda-

tions of a house are at a certain height, is useful in keeping off white-

ants. Have you tried it ?

No.

In some places they use arsenic mixed vvnth mortar and lay a layer

of it in the basement.

Have you tried the White-ant machine in exterminating them from

a building ? I once had great trouble from termites in a godown. They

came out in numbers from the floor and attacked the boxes. I removed

the bricks from the floor and, by means of a wire, cleared the hole through

wliich the white ants were coming up. I then put the nozzle of the

machine into the hole and fumigated. It was very successful.

I have used the machine successfully in a bungalow, but it is generally

necessary to break a hole into the galleries with a crow-bar. When
termites come up through the floors of the bungalows at Pusa, I generally

paint the place with crude creosote and that keeps them down for a

long time afterwards.

37.—STORED GRAIN PESTS.

F.E.S.By T. Bainbrigge Fletcher, R.N., F.L.S.

Entomologist, and C. C. Ghosh, B.A.,

EntODwlogist.

Introductory.

The granary pests.

Immunity or otherwise of grains, etc., stored in houses.

Storage receptacles in use among the people.

Experiments to find out the best means of storing grains

—

Experiments with wheat (I—XVII).
Experiments with rice (husked) (XVIII—XIX).
Experiments with pulses.

Conclusion. ^

F.Z.S., Imperial

to the Imperial
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Introductory.

Storing grains in houses and keeping them from being damaged by-

insects while in the store is a problem which confronts every house-

holder, whether he be a cultivator or not. Different countries have

tried to solve this problem in different ways but there is a general agree-

ment as to the results and consequent recommendations regarding the

methods to be adopted. This is, that the grains should first of all be

fumigated with a poisonous chemical fumigant such as carbon bisulphide,

and then stored in insect-proof receptacles. This method is of course

the best if it can be adopted. But this is impracticable so far as the

Indian cultivators and householders are concerned. Fumigation with

carbon bisulphide cannot be recommended to them nor can they practise

it for want of facilities. Also the effect of fumigation will be nullified

by the receptacles in use among the people for storage.

Of the recent efforts in this country (though none of them made

from the view-point of the Indian cultivators and householders) to deal

with the pests of stored grain, or rather stored wheat, the most notable

are the experiments on the effects of dryness* on weevils and their

practical applicarion for storage purposes, especially storage in bulk.

The latest efforts are those of Messrs. Barnes and Grove {Ind. Agric.

Dept., Chemical Memoir, Vol. IV, No. 6. " The insects attacking stored

wheat in the Punjab and the methods of combating them," etc.), who
also tried the effects of inert gases like carbon dioxide. There was no

practical outcome of all these experiments. Messrs. Barnes and Grove

took the damage by store-pests as an inevitable evil and suggested a

mechanical method of cleaning the grains with a view to separating

the insects (and dirt) by means of an air-blast. With regard to this

recommendation it may be said that it may not be so successful as

expected. It will certainly never be possible to separate all the insects

present in the grain, for instance the grubs of Trogoderma hhcqyra, which

stick to the grains fairly tightly. Then, although the much-eaten and

hght grains may be blown off, the freshly infected grains will certainly

remain behind. Even the second cleaning will not be able to free the

* Those anxious to know the details about this can refer to the following publica-

tions :—
" The Bionomics of grain weevils," Jl. of Ec. Biology, Vol. I, 1905-06.

" Indian Trade Journal " 1907 (Several issues from Jan. to Augt.) ; 1909, November

18 ; and 1911, November 23.

" Indian wheat and grain Elevators " by F. Noel-Paton.

" Agrl. Jl. of India" Vol. VI, pp. 333-343, Weevil and dry wheat by T. Bainbrigge

Fletcher.

Chemical Memoir, Pusa, Vol. IV, No. 6, The insects attacking stored wheat in the

Punjab, etc., by J. H. Barnes and A. J. Grove (pages 261 et seq).
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grains from insects. Besides, if it be possible to erect a plant at a high

cost, the sure treatment with carbon bisulphide is certainly preferable,

there being skilled supervision to guard against accidents. In the case

of the Indian cultivators and householders who deal with small lots,

for separating insects and dirt from the grain the country sieves and

hand-winnows are effective and cheap appHances.

It will be apparent that there was room for experiment aimed at

finding means of prevention of damage. Such experiments were under-

taken more from the view-point of the Indian householders, and culti-

vators than of dealers in bulk. As a result, a method has been worked

out which is inexpensive and can be easily adopted by the former and

adapted to the receptacles they use for storage. The method is also

appHcable to storage in bulk.

The granary pests.

The insect pests of stored grains, eit., are mentioned below under

the articles in which they occur.

I. Cereals—
COLEOPTERA (BeETLES).

Calandra aryzce (major).

Rhizoperfha dominica (major).

Trogoderma kho/pra (major).

[Attagemis undidahis.

Mtliriostoma undulata.

Trogoderma versicolor'].

Calandra granaria (minor).

Triholium castanemn (minor).

LatheticKS oryzce (minor).

Lcetrwphloeus fusillus (minor).

Tenebroides mauritanicus (minor).

Gihhimn scotias (minor).

Attagenus ficeus (minor).

Lepidoptera (Moths).

Sitotroga cerealella (major),

K.B.—In ground wheat, rice, etc., TriboUum castaneum is the most injurious major pest.

II. Pulses—
The Pulse Beetles

—

BrucJms chinensis and other species of

Bruchus.

Trogoderma kha'pra (major).





PLATE 100.

CALANDRA ORYZ/E.



EXPLANATION OF PLATE 100.

Calandra oryzce.

Fig. 1. Eggs laid on and in a wheat grain X 8.

Fig. 2. Larva feeding inside a grain x 8.

Fig. 3. Larva removed from grain X IG.

Fig. 4. Pupa in natural position inside grain X 8.

Fig. 5. Pupa removed from grain, ventral view X 16.

Fig. 6. Adult weevil from above x 16.

Fig. 7. „ „ „ side x 16.

Fig. 8. WeevO gnawing into a wheat grain X 8.

Fig. 9. Weevil inside a wheat grain x 8.
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III. Spices—

Lasioderma serricorne (major).

Anohium sp. (major).

IV. General.—Th.Q following occur in practically all substances.

They are of very minor importance, as they cause very little actual

damage and can be kept off with a little care and cleanliness.

Alphitohius ficeus.

Ephestia cautella.

Pyralis pictalis.

Pyralis farinalis.

Most of those mentioned under cereals have been dealt with in detail

by Messrs. Barnes and Grove {Chemical Memoirs, Vol. IV, No. 6). Below

short notes, some embodying new facts, are given on these insects as

well as on those not mentioned by Messrs. Barnes and Grove.

Calandra oryzcp. (PI. 100).

This is the commonest of the pests in the store and causes serious

damage to stored cereals. In some countries it is known to infest the

grains in the field. R. I. Smith observed it laying eggs in fields on

ripening corn [maize] on 12th September from which weevils emerged

in October {North Carolina Agricultural Experiment Station Bull. 203).

A. L. Quaintance says " it is to be^ found in the field early in August.

But it is when the corn has been gathered and housed however that

the rice weevil does the greatest damage" {Florida Agl. Expt. Stn.

Bull. No. 36, p. 367). In this country also it probably infests the ripe

grains in the fields as it is found in the fields at the ripening time. But

the real damage is done in the store.

The life-history has been dealt with in various Indian pubhcations.

The following obscure points have been recently determined. At Pusa

the weevils become really active in August and from this time until

about October there are three generations in quick succession, each

occupying a period of about a month. From about November to July

the development is extremely slow, single generations taking about

11 to 6 months. During this period, therefore, there are usually two

broods, but there may be a third brood for the more forward ones.

During the cold part of this period, viz., from about November to about

February, the beetles are more active than in the hot months. Eggs

laid in February-March did not develop into adults before July-August.

In the case of the more forward ones the extra brood occurs between

December and March-April. The broods however are highly over-
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lapping and the insect has been observed to emerge as an adult in all

the months from July to April.

This seasonal life-history coincides with the amount of damage

done by the insect during difierent periods of the year. The greatest

damage occurs between August and November or December. The

damage continues though in a slightly smaller degree until about Feb-

ruary, and it is the least in the hot weather. Although by about Decem-

ber actual breeding decreases it should be remembered that the adults

also damage the grains by boring into them for the purpose of feeding.

The enormous number of weevils present in the store about this time

more than compensates for the slower rate of breeding.

The number of eggs which the weevil is capable of laying has not

been determined very accurately.^ Hinds and Turner had a maximum

number of 417 in Alabama, Barnes and Grove had 60 in the Punjab in

October and we had 88 at Pusa in February-March. The seasons are

observed to have a great efiect on the rate of development of the insect

and most probably have some effect on the number of eggs which will

be found to be more in August-September.

The adult weevils ordinarily Hve for about five months and in the

course of their whole life they are capable of causing a loss of about

50 per cent, in the weight of wheat grains simply by feeding.

The loss in the weight of wheat grains caused by the grub, which

feeds and develops inside until it emerges out of the grains as an adult,

is about 30 per cent.

There is a good deal of difference of opinion as regards the amount

of loss caused by the rice weevil. In this respect it is not possible to

make a general statement. As will appear from the records of experi-

ments given elsewhere in this paper the damage is very serious in small

lots of grain and its percentage decreases with the increase in the bulk

of the grains concerned. Thus for a given period, say one year, the

loss in a lot of one maund of wheat may be more than 75. per cent.,

while in a lot of 500 maunds it may be as small as 4 or 5 per cent. Small

lots suffer most. Therefore the majority of the cultivators who stock

only small quantities are the greatest -suff'erers.

Rhizopertha dominica. (Plate 101.)

This insect is not observed ordinarily in the store to do as much

damage as the rice wee\'il. But under certain conditions it is capable

of doing far greater damage and in a much shorter time than the latter

insect. It does not infest the grain if free air finds access into the

storage receptable. If however the vessel is made airtight or fairly

so it finds the ideal conditions for breeding. The storage experiments
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EXPLANATION OF PLATE lOL

Rhizopertha dominica

.

Fig., 1. The egg (X 20).

Fig. 2. A cluster of eggs (x 10).

Fig. 3. A freshly emerged larva, dorsal view ( X 26).

Fig. 4. A freshly emerged larva, lateral view ( X 20).

Fig. 5. The larva after the first moult, dorsal view { X 26).

Fig. 6. The larva after the first moult, lateral view ( X 26).

Fig. 7. The larva after the second moult ( X 26).

Fig. 8. The larva after the third moult ( X 26).

Fig. 9. The fully developed larva just previous to pupating (x20).

Fig. 10. The pupa. Ventral view ( X 20).

Fig. 11. The adult showing the attitude when actively moving about (x20).

Fig. 12. The antenna.

Fig. 13. A grain showing the larva inside ( X 6).

Fig. 14. A grain showing the pupa in the cavity excavated by the larva ( X 6).

The small figures by the side of the larger ones indicate the natural sizes of the

insects.

I
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PLATE 101
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RHIZOPERTHA DOMINICA.
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PLATE 102.

TROGODERMA KHAPRA



EXPLANATION OF PLATE 102.

Trogoderma khapra.

Fig. 1. The egg (X 13).

Fig. 2. A group of eggs showing the way they are sometimes laid together ( X 6)

.

Fig. 3. An egg a few days' old showing signs of the developing larva inside ( X 13).

Fig. 4. A freshly emerged larva ( X 26).

Fig. 5. The larva after >he first moult ( X 26).

Fig. 6. The larva after the second moult ( X 26).

Fig. 7. The larva after the tliird moult ( X 23).

Fig. 8. The larva after the fourth moult ( X 23).

Fig. 9. The terminal segments of a larva after the fifth moult ( X 23).

Fig. 10. The pupa of a male beetle still enclosed in the last larval skin. Dorsal

view ( X 13).

Fig. 11. The pupa of a female beetle as in Fig. 10 (x 13).

Fig. 12. The female pupa removed from the larval skin, ventral view ( X 13).

Fig. 13. T. kJtajmi female ( x 13).

Fig. 14. T. khapra male ( x 13).

Fig. 15. Antenna of male beetle.

Fig. 16. Antenna of female beetle.

Fig. 17. A larva attacking a wheat grain.

The small figures by the side of the larger ones indicate the natural sizes of

the insects.
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were carried on with a number of gunny bags and earthen vessels (as

shown in Plate 111) in a godown for two years. This insect never

occurred in gunny bags or in earthen vessels kept with their covers

loose. It occurred only in those vessels in which the cover was made
airtight by being plastered with mud and in kerosine tins similarly

treated.

The life-history of this insect is given in detail by Messrs. Barnes

and Grove. It hibernates in the cold weather from about October to

March. During the rest of the year the generations occur after roughly

about four weeks.

Trogoderma kha/pra. (Plate 102.)

This Dermestid is of importance as a pest of wheat, maize and pulses

in the western parts of the United Provinces, the Punjab and Gujarat.

Its life-history is given in detail by Messrs. Barnes and Grove. The
period of activity coincides with the months of May to August or Sep-

tember, when the generations are passed through in quick succession,

each cycle of life occupying about four to five weeks. During this

time there is an enormous increase in its number. The fourth genera-

tion occupies a long period from about September to April, the cold

weather from about October to March being passed by the larvae in a

dormant condition.

In the godowns examined at Cawnpur numerous grubs were observed

inside cracks and interspaces between the bricks on the walls. In these

places they can live from season to season and -feed on the dust and
particles of grains which are usually present there.

Messrs. Barnes and Grove remark that the interesting feature of

attack of this insect is that it is usually present at the top of the wheat.

It certainly can and does penetrate to some depth into the wheat but

the greatest amount of damage always occurs in the first six to twelve

inches and during the first year. As a matter of fact, the other pests

{Calandra oryzce and Rhizo'pertha dotninica) also begin at the top and
gradually go downwards.

Triholinm castaneum. (Plate 103, figs. 1-5.)

These small red-brown beetles and their slender brownish grubs are

frequently found in damaged grain in company with the principal pests,

viz., Calandra oryzce, Rhizopertha dominica and others. They cannot

damage the grains by themselves and simply follow the real pests and

breed in the dust produced by the latter. They however occur in pro-

fuse numbers and seem to prefer the company of Rhizopertha to that

of the others. When, however, in want of food they are forced to
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procure sustenance by nibbling tbe grains. A number of the beetles

confined with wheat grains were observed to nibble the germ.MDf the

grains. This was, however, exceptional. Ordinarily they do not attack

sound grains.

They are, however, a serious pest of ground wheat {atfa, maida,

suji), ground rice, oatmeal, etc. In addition to the damage they cause

they impart to the stuff a characteristic nauseous smell and taste which

lowers its value as food and consequently also its price. In cases of

bad infection the attacked material may be uneatable. In the trade,

atta is stored and sold in gunny bags. A visit to a store-house contain-

ing such bags between July and November reveals the presence and

working of this insect through the diist which oozes out of all sides of

the bags and covers them entirely. Atta, suji, etc., are found to swarm
with these insects, especially their grubs, about September-October.

The insect seems to be more active in the rainy season than at other

times of the year. Fresh generations occur after about a month.

Tenebroides mauritanicus (Plate 104).

These brown beetles and their large flat white grubs easily attract

attention when they are present among the grains. They occur more
commonly in rice and wheat than in other grains.

Various opinions have been held regarding the part played by this

insect in the store, some being distinctly of the opinion that its presence

is beneficial and therefore desirable on the ground that it preys upon
other grain pests. It has been ascertained by experiments that the

grubs feed only upon the grains and not upon any insect. The adult

beetles prey upon adult rice weevils {Calandra oryzce) but feed upon the

grains as well even when adult rice weevils are present. Besides, their

growth is so slow, as will appear from the short details of life-history

given below, that their visefulness as agents of destruction of other pests

is negligible. Therefore they are to be ranked among pests. As pests,

however, they are not capable of serious injury on account of the very

slow rate of their development.

Elongated cigar-shaped white eggs with soft membrane, measuring

-about 1-5 to 2 mm. in length and about 0-25 mm. in thickness, are

deposited in clusters among the grains. In ordinary weather they

hatch after about 6 days. The flat white grubs are sluggish in nature

and feed by gnawing the grains, consuming the farinaceous matter and
sometimes entering the gnawed grains bodily. They can also feed upon
the dust produced from the grains by other pests.

They develop very slowly and become full grown in the course of

about 10 to 20 months. Pupation takes place either inside the corroded





EXPLANATION OF PLATE 103.

Triholium castaneum.

Fig. 1. The egg (X 13).

Fig. 2. The freshly emerged larva ( X 13).

Fig. 3. The fully grown larva ( x 10).

Fig. 4. The pupa. Ventral view ( x 13).

Fig. 5. The adult ( x 13).

Lathelicus oryzw.

Fig.
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Tenebroides mauritatiicns ; 1, group of eggs on grain ; 2, a single egg ; 3, ncwiy-halchcd larva ;

4, full-grown larva ; 5, larva gnawing into grain ; 6, pupa ; 7, baatle. All figures are enlarged,

the natural sizes bsing shswn by the smaller outline figures.
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Fig. 1.—Larva Of 6'/b?>/yri« scotias, magnified

(x16). The smaller outline figure show's the

natural size.

Fig. l.—Gibhium scotias (magnified ; the smaller figure shows the

natural size).
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grain or between a few grains fastened together. The pupal sta^e at

ordinary temperatures is about 8 days. The adult beetles live for

about five months. They oviposit and breed any time in the year
when they find suitable conditions.

Gihhium scotias (Plate 105).

This has not been recorded before as a pest of stored grain, but it

was found by Sardar Harchand Singh feeding upon and breeding among
stored wheat grains in a shop in Patiala in July. Living specimens

were brought to Pusa where it was observed that they completed a gene-

ration in the course of a month. Small white eggs are laid among the

grains and both the grubs and adults feed upon the grains, either nibblin»

their surface or gnawing deeper into them. The grub is white with a

yellow head and is clothed with hairs to which particles of grain, dust,

etc., stick, bringing about a dust-covered appearance. The adult

beetles have a bulging back and long legs and look like spiders of a

brown shiny appearance.

This insect has been recorded as boring into the outer parts of opium
cakes at Patna and damaging the records in the Dharwar Collectorate.

It is a household insect and may prove to be serious as it is capable of

breeding rather quickly.

Attagenus piceus (Plate 106, fig. 1).

This Dermestid beetle also has not been recorded as a pest of stored

grain. But it was originally received from the Punjab along with other

store pests, and actually breeding in wheat chaff. It is capable of

feeding and certainly does feed on grains in the store but it is oversha-

dowed by the more numerous and more active Trogoderma khapra.

It breeds very slowly, fresh generations occurring after one, two or

even three years. This is also one reason why it cannot be prominent
and it will probably never prove serious.

Beetles emerge in April, May, and June and live at the most for

about three weeks, in the course of which they complete oviposition

and die. Each female is capable of laymg up to about 50 eggs, which
are deposited loosely among the stuff in which breeding takes place.

The eggs hatch in about 8 days. The grubs from the eggs of the same
mother may feed for one to three years, some attaining the adult stage

after one year, some after two years and some after three years. As
already stated, the beetles appear in April, May and June.

VOL. ii" u
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Sitotroga cerealella. (Plate 106, fig. 2.)

The small moth, Sitotroga cerealella, (known as surwi in the Western

parts of Bengal) causes considerable damage to paddy, wheat, barley,

maize, and juar {Andropogon sorghum) grains in the store. It is known
as the Angoumois Grain Moth in other countries, or as " fly-weevil

"

in America. In some countries it is known to infest the grains in the

field. R. I. Smith gives two photographs of maize cobs infested by it

in the field in October-November {North Carolina Agricultural Experi-

ment Station Bull. 203 (1909), pp. 14-17). A. L. Quaintance records the

same fact observed in Florida {Florida Ag. Exp. Stn. Bull. No. 36, 1896).

In this country it has not been observed to attack grains in the fields.

Even if it does so, it must be so rarely that no notice is taken. The

damage it does is confined to the store. When the grain lies exposed

or is kept in receptacles not full it literally swarms with this insect and

the damage is very considerable.

The insect is active practically throughout the year, fresh genera-

tions occurring in the ordinary season after about a month. In the

cold weather its acliivity is less, December and January being a short

period of rest. Each female moth is capable of laying up to about

120 eggS which are deposited in depressions, cracks, crevices, or holes

in the grains or among the grains in the heap. The egg hatches in about

6 days. The young caterpillars bore into the grains and consume the

farinaceous matter and when full-grown, in the course of about a fort-

night, pupate inside the grains, emerging as moths after another week.

The Pulse Beetles (Bruchidse).

The pulse beetles have not yet been fully worked out. It is not

known how many species of them there are in all in this country. Of

the known ones again the life-history and habits of only a few have

been fully observed. As regards their known habits they can be grouped

as follows :

—

(a) Some work only in the store, attacking and breeding in stored

seeds.

(6) Some work both in the field and in the store. They infest the

seeds while still green in the pods on the plants growing in

the fields. With the harvested seeds they find their way into

the store where they continue damaging the dry seeds. On
account of the altered conditions in the store the damage

and consequent loss are considerably more than in the

fields. These beetles are, of course, capable of invading fresh

stores and attacking fresh seeds which may be harvested in

an unaffected condition.
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nu
^

?\g. ^.—Attagenus piceus, stages in life-history (x7).

Fig. 2.—Sitotro(/a revealella ; 1, egg ; 2, larva ; 3, pupa inside aUsckcd grain (cut

open) ; 4, attacked grain after emergence of moth ; 5, moth. All figures are con-

siderably magnified, the smaller outline figures indicatirg the natural sizes.
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Fig. A.—BiucJiiis chinensls. Attacked seed with three eggs and hole of

emergence of beetle, larva, pupa, and dorsal and lateral views of beetle

(magnified 12 times).

Fig. 2.—Bi'nchiis ajpnis. 1, Eggs laid on pod (>; 4) ; 2, egg (x 16) ; 3, larva (>8) ;

4, seed after emergence of beetle (> 4) ; 5, beetle (x8). The small outline figures

against nos. 3 and 5 indicate the natural sizes.
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(c) Some infest the seeds in the fields and are brought into the

store with the harvested seeds but do not breed in the store.

In order to deal with the pulse beetles therefore it is not enough

if the seeds are kept in receptacles into which the insects cannot have

access ; but it is necessary to treat the seeds before storage in such a

way that they may be freed from the insects which may be present in

them due to infestation in the field.

Below are given the life-history and habits of the common ones

occurring in the neighbourhood of Pusa. The names attached to each

species are given with reserve, as the identifications require to be

corroborated.

Bruclius chmensi$ (Plate 107, fig. 1).

This is the most common pulse beetle in store. It is found principally

in the store, although in some places it has been observed to infest

green pods in the field as well. But its activity in the field is small.

In the store, however, it causes serious damage and is capable of breeding

in almost all kinds of pulses. The following three pulse seeds have so

far been found to be immune from its attack, viz., the small field-pea

{Pisum arvense) and two varieties of Urid {Phaseolus ? radiatus), known
in the neighbourhood of Pusa as Aghania and Mungia urid.

The oval, convex and whitish eggs, looking like small whitish spots

on pulse seeds, must have been observed by all. The grubs on hatching

from the eggs gnaw into the seeds and the adult beetles emerge through

a hole by pushing open a round piece like a lid. Fresh generations

occur m. the course of about three weeks and, as each beetle lays several

hundred eggs, an enormous amount of damage is caused in the course

of a short time. Generation after generation occurs in the seeds until

there is hardly anything left of the seeds. Taking lots of 25 seeds which

were exposed to these beetles, on the average, 7 beetles have been bred

out of each large pea seed, 6 from each gram seed, 5 from each kliesari

(Lathyriis sativus) seed, 6 from each arhar (Cajanus indicus) seed. TheSe

facts demonstrate its injurious capacity very well.

Bruclius qffifiis (Plate 107, fig. 2).

This beetle attacks peas of all sorts, but the Small field pea {Pisum

<irvense) more than the other varieties. Eggs are deposited on the

surface of the green pods in the fields in January and February. They
are elongated oval and cylindrical in shape, measuring 0'66 mm. ia

length and 0-25 mm. across and are orange yellow in colour. They are

held in position by a clear gummy substance exuded with the egg from

the ovipositor, this substance covering the egg and Spreading to a small

u2
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distance on the substratum all round the egg. They are deposited

singly but there may be Several to many eggs on the same pod. On

hatching from the egg the young grubs gnaw their way into the pod

and ultimately into the seeds inside the pod. They feed and grow

inside the pod. They feed and grow inside the seeds which are harvested

and brought into the store. They attain the adult stage by about

May-June but do not leave the seeds. From July onwards a few beetles

may emerge out of the seeds but sit quietly and rest among the grains

or under some shelter in the store. All emerge and fly out in December

and January and lay eggs.

A quantity of the Small field-pea pods which had eggs on them was

picked out and kept separately and 50 per cent, of the seeds of these

pods proved to be damaged. Taking whole fields together the amount

of damage normally has been found to vary from about 3 to 7 per cent.

A lot of the seeds from the field which showed a damage of 7 per cent.

was Sunned after harvest consecutively for seven days in the hot sun

in March. In the sunned lot with no further treatment the damage

was reduced to about 2^ per cent. By storing the seeds in airtight

jars with naphthaline in March, or treating them with carbon bisulphide

at this time, the damage was entirely prevented. When the seeds

are harvested the grubs which have lodged themselves inside them are

quite young and, if they are killed at this time, the Seeds remain practi-

cally undamaged.

Bruchus sj). (Plate U)8).

This is an unidentified species of a pulse beetle which has been

observed to breed in bean seeds in store. It probably breeds as well

in the fields, where eggs are laid on the green pods. In the store the

eggs, as usual with this class of beetles, are deposited on the seeds as

shown in the figure. Fresh generations occur after about a month.

This beetle is therefore also capable of very serious damage.

Lasioderma serricome (Plate 109).

This sm^ll red beetle, commonly known as the cheeroot beetle, bores

and breeds m turmeric, dry ginger, black pepper, dry chilli pods and

various other things. It is one of the major pests of the Store. Its

fife-history and stages are shown in the figures. Fresh generations

occur ordinarily after about a month. It is capable of breeduig in the

open air and on one occasion was observed to breed in dry pods o£

Poinciana regia still hanging on the plant in August.
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b*ivrc///rssp.(C.S. 1598) in bean seeds in store ; I.eggson bean seed which also shows holes of

exit of beetles ; 2, larva ; 3, pupa ; 4, beetle. All figures are considerably magnified, the

smaller figures showing the natural sizes.
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<Plk

6

u'^'y^'^V

'p.^^^•

u 4

LASIODERMA SERRICORNF.

1, Eggs; 2, young larva; 3, larva, clesned of attached particles; 4, pupa; 5, beetle, side view;
6, beetle, dorsal view ; 7, c'ger riddled by beetles. Figures 1—6 are considerably magnified, the

hair-lines indicating the natural sizes.
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Anoblum sp. in Cumin seed in store. 1, larva in seed ; 2, larva ;(3, pupa ; 4, 5, beetle, magnified.

The small figures indicate the natural sizes.
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Anobium sp. (Plate 110).

Thi^ small brown beetle caused Serious damage to aniseed, coriander

seed, cumin seed, ajwan {Carum copticum), and hanjoan {Apium grave-

dens). Both the grubs and adults feed on the grains. In affected

material all the stages will be found ait the same time. The white grubs
feed inside the grains and frequently bind several grains together before

pupation.

ImMXJNITY or OTHERWISE OF GRAINS, ETC., STORED IN HOUSES.

In order to ascertain the immunity or resistance of the various kinds

of seeds which householders ordinarily stock, two pounds of each of

the seeds mentioned below were kept in small earthen vessels (Plate 111)

without covers in a tiled godown where the storage experiments were
carried on and which was full of insects and opened frequently so that

.any insect could have easy access. The seeds lay in the godown for

two years and those which were unaffected by insects after this period

:are placed in one group and the affected ones in another group.

Unaffected.

I. Cereals

—

Oats (Avena sativa.)

China {Panicum miliaceum).

Shama {Panicum frumentaceum).

Kauni {Setaria italica).

Kodon (Paspalum scrobiculatmn).

Gandli {Panicum miliare).

Mama {Eleusine coracana).

Bajra {Pennisetum typhoideum).

II. Pulses—

Urid {Aghania and Mungia) {Phaseolus radiatus, varieties of).

Kirao (The small Field-peas, Pisum arvense).

III. Oil-seeds—

Mustard and Eape, {Brassica spp.).

Castor, {Ricinus communis).

Poppy, {Papaver somniferum).

Linseed {Linum usitatissitnum).

Niger oilseed, {Guizotia abyssinica).

Safflower, {Carthamus tinctorius).

Groundnuts and groundnut Seeds, {Arachis hypogcea).

Gingelly, {Sesamum indieum).

N.B.—All safflower, groundnuts and ground lut seeds anl some of gingelly and
niger oilseeds were eaten by rats and mice.



T24 PROCEEDINGS OF THE THIRD ENTOMOLOGICAL MEETING

IV. Fibres-

Jute, {Corchorus Spp.)-

Sann hemp, {Crotalaria juncea).

V. Spiee!:^

—

Kalajira, Black cumin, (Nigella safiva).

Golmirich, Black pepper {Piper nigrum).

MetJii {Trigonella Fcemim-grcecum).

Affected.

I. Cereals

—

Wheat (Triticum vulgare).

Barley {Hordeum vulgare).

Maize {Zea mays).

Juar {Andropogon Sorghum).

Paddy {Oryza sativa).

K.B.—Damaged principally by C(dondra oryzce and Rhizoperfha dominica and to b

less extent by Sitotroga cermlelhi.

II. Pulses—

Aloth or Bhringi {Phaseolus aco7iitifolius).

Khesari {Lathyrus sativus).

Bora or Barbati, Cowpea, {Vigna catjang).

Chhola or Boot Gram, {Cicer arietinum). ,

Kidthi, Horse-gram {Dolichus biflorus).

Masur, Lentil {Ervum lens).

Mung, Green gram {Phaseolus mungo).

Arhar, Redgram or Pigeon-pea {Cajanus indicus).

Bak'la, {Vicia faba.)

Matar, Peas, {Pisum sativum).

Bhat or Gari-kalai, ? Soy bean, {Glycine hispida) partly.

N.B.—All damaged by Bruchus rhinensi,s.

V. Spices

—

So7if or mouri, aniseed {Fceniculum vulgare).

Jira, Cumin seed {Cuminum cyminum).

Ajwai ox jwain, {Carum copticum).

Ajmud, {Carmn Poxburghianum).

Dhaniya, Corian,der seed, {Coriandrum sativum).

Pipal, Long pepper {Piper longum).

Haldi, Turmeric {Curcuma longa).

Ada, Ginger, {Zingiber officinale).

Lanka ^ Chillies, {Capsicum frutescens).

Jv^.B.—The first five bored by Anobium sp. and the last four by Lasioderma
serricorne.
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Fig. 3.—A glass jar, 12 inches high and 4| in diameter, and two earthenware receptacles (called IIarias) witn covers.
The larger one is about 13 inches high and about 14 in diameter, the smaller one about 6 inches high and 7 in

diameter.
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Page 725(3) PLATE 113.

Storage receptacle (Kothi) made, in three pieces, of unburnt clay.

Inside measurements, 4 feet high and 2 feet in diameter.

1
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VI. Miscellaneous

—

Paniphal or Singhara, Water-nut {Trapa bispinosa).

Bored by Rhizopertha dominica.

Tamarind seeds.

Bored by Caryoborus gonagra.

Storage receptacles in use among the people.

Eartlien vessels. Earthenware vessels and pots are in universal use.

These are made of various sizes and shapes. Some are shown in Plates

111—113. For storing small quantities earthen pots are probably the

only vessels used everywhere. In some localities larger vessels used are

specially prepared for storing larger quantities up to about four maunds

(81 lb. =1 md.) in single vessels (Plate 111, figs. 1, 2) and these are called

jalas, motkas, nands, and by various other names. Earthen covers are

used for them (Plate HI, fig. 3) and, when it is intended to seal up the

store, these covers are plastered with a mixture of cowdung and mud.

But this does not make the vessels proof against insects, as will

appear from actual experiments detailed later on.

Mud-bins. In Bihar for indoor storage various kinds of vessels,

called kothis, are made of unburnt clay. The clay is mixed with long

bits of straw or grass so as to give a tough consistency to the walls which

are about one to one and a half inches thick according to the size of

the vessel. The entire wall is not built up all at once but is gradually

added to as the lower portions dry. Also high vessels are not built in

one piece. The vessel in Plate 112 (right) is a single piece, that in

Plate 112 (left) is of two pieces and that in Plate 113 is of three pieces,,

the pieces being placed one above the other and prevented from

slipping ofi by means of projecting lips which fit on to each other at

the points of juncture. The kothis shown in Plate 112 are oval in

outline and one of them has a hole at the lower part through which

the stored article can be taken out without opening the mouth. That

shown in Plate 113 is round in outHne. Square and oblong kothis are

also made and frequently they possess several chambers inside with

walls between them for storing different kinds of grain. The covers,

as shown in the photographs, are made of the same stuff as the

A-o^/izs themselves and are plastered with mud to seal the store. The

joints also are similarly plastered (PI. 112, left). The joints and the

mouth of the kothis are their weak points and cannot be made proof

agamst insects, which frequently occur in the grains stored in them.

Kerosine tins, being available everywhere at a small cost and being

not as brittle as the earthenware pots, are also used extensively for
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storing purposes, of course on a small scale. The difficulty with them

however is that their openings can hardly be made insect-proof.

Gunny hags are in universal use among all cultivators, grain dealers

and even big merchants, especially for convenience of handling and

transport. Bags filled with grain are piled up in large godowns up to

the ceiling. As storage receptacles they are extremely bad aS they

expose the grain to insects all around their surface.

Bamboo bins, etc. Bins are made of bamboo matting or wattling,

of stems of Saccharum arundinaceum, of sticks of leguminous plants,

etc. These are of the shape of ordinary cylindrical iron bins and of

various capacities. Their walls are plastered with cowdung both inside

and outside or only inside and usually they have solid bottoms which

are also plastered similarly. They are as a rule used for indoor storage

and sometimes have conical umbrella-like coverings which can be placed

on the top. Rarely they possess no bottom and are pitched on the

flat floor and made firm by means of sticks driven into the ground. In

such cases they are. used for a rather coarse stuff like unhusked paddy

grains. Such bins are incapable of keeping off insects. They are not

in use all over India. As far as the writers know, they are found in

Assam, parts of Bengal and, as Mr. V. G. Deshpande, the Entomological

Assistant of the Konkan, informs them, in the Deccan. Even by being

well plastered with mud they cannot be made insect-proof.

Straw 'pura (Plate 114). In West Bengal for storing indoors, and

at one place, say from about four to about 16 maunds usually of husked

rice or unhusked paddy grains, this 'pura is in common use. It is made

entirely of paddy straw. In this part paddy straw is in great demand

for thatching purposes and therefore all varieties of paddy are harvested

in sheaves, the grain being separated by beating the sheaves on sloping

planks. For the Pura as well as for the Morai to be described later on,

thick ropes about 1| to 1| inches in diameter are prepared with this

straw in the maimer shown in Plate 115. For this purpose the loose

leaf-sheaths of the straw are discarded as far as possible by holding the

loosened sheaf at the top and giving downward jerks. The straw

is then moistened with water to make it pliable. In this figure (No. 2)

about two and a half bundles of such straw are lying in front of the

man who is sitting. He is feeding the rope with his hands, giving it a

twist at the same time by rolling it in the desired direction by means

of his right foot. The man at the other end continually twists the

lope. The ropes are usually made in lengths of about 50 yards. One

bundled-up rope is lying on the left side of the feeder. Fig. 1 shows

how the rope is commenced and Plate 114, fig. 2, how it is fed. Unless the

paddy is harvested before the straw becomes too dry and brittle no
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Fig. 1.—Section through straw Pnra.
Fig. 2.—Preparation of a straw rope showing how the

rope is fed with straw.

Fig. Z.~Fura made of straw rope.
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Fig. 1 .—Commencing a straw rope for the building of a Moral.

Fig. 2.—'Preparing a straw rope for building a Moral. It is fed with the right hand and twisted

with the right foot of the feeder, and twisted with the hands of the twister.
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rope can be made out of the straw. Attempts were made to prepare

ropes with Bihar straw but without success. Plate 114, fig. 1, is a

diagrammatic section through the Pura. The hollow space inside is

occupied by the grain and there is a thick lining of straw between

the grain and the covering of ropes.

Unhusked paddy grains are known to keep well in Puras for years.

Husked rice is, however, known to be attacked by the Eice Weevil

(Calandra oryzce) if kept for two gy three years. Much depends on the

make of the Pura and ability of the insects to penetrate into it.

There is also a method of preserving paddy seeds inside straw bundles.

Two such bundles are seen lying on the ground in front of Plate 118,

fig. 2. The seeds are placed in loose straw which is then rolled up into

a large bale which is secured and made tight by means of ropes passed

round it. In Bihar these bundles are known as Puras. They are either

kept indoors or in the court yard where they are covered with earth.

Sometimes several such j)Ufas are kept outside on a sort of a platform

similarly covered \yith earth, the covering of earth being intended to

protect the seeds from rain. Mr. Deshpande says a similar method is

followed in the Konkan where the bundles are known as Mudhas. About
a maund or at the most two maunds of seeds can be preserved in one

bundle.

Cavities in walls. In some places for storing small quantities of

grain hollow cavities are kept in walls of houses.

*Store House ' Hamar, Gola, Kotha, Kothi. For storing grains in bulk

outdoor methojls are adopted. In many places regular store-houses are

built with solid walls all round and small doors like trap-doors high up
in the wall near the roof. In order to keep the grain as much above

the ground as possible sometimes the store-house is built with two
storeys, the room or rooms in the first floor being used for storage and
the space in the ground floor for other purposes. In such houses no
other receptacle is used and the grain is poured into the room through

the small door. Rarely such houses are built with wooden walls.

These houses, built specially for storage purposes, are variously known
as hamars, golas, kothas, kothis, etc.

Morai {Plate 116) is a feature of Western Bengal as far as the writers

know, being used practically wholly for storing paddy grains in bulk

out of doors.

Plate 116 shows the building of the small rnorai which was used for

storing wheat at Pusa. It is built practically on the same principle as

the straw pura described above (Plate 114) with ropes of straw. A
large morai intended for keeping a large quantity, say several hundred

maunds, of grain, is usually built on a solid platform either of earth or
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masonry, instead of on planks as shown in the figure. On the platform

first of all a thick layer of straw is spread, on which the grain is poured

and the building commenced. The lowest rope is very thick and made-

in the form of a ring and distinct from the upper ropes. It helps the-

straw intended for lining to stand. The grain is poured in and the

rope taken round and round. At the top the grain stands in the form

of a conical heap and on the top of it there is the thatch which is thick

and proof against rain. Plate 116, fig. 2, shows the morai after it is

complete and Plate 117, fig. 1, shows a diagrammatic vertical section of it.

About 20 to 500 maunds of grain can be stored in each moral.

Provided the materials are ready it can be built up and completed

in the course of a single day by two or three men. In it the

cultivator has devised a very cheap, efficient and convenient method

of storing paddy. The ropes last for about 7 or 8 years with a little

care , even when used frequently. If, however, the morai is built and

left unopened they are known to last for more than ten years. Paddy

grains are known to keep in it perfectly safe from insects.

The morai (Plate 116) built at Pusa was about 4^ feet in diameter at

the base and about 5 feet high. It accommodated 60 maunds of wheat.

Bakhari.—In Bihar the outdoor granaries take the forms shown in

Plates 118-121. These are called bakharis. All are built on a platform

somewhat raised from the ground in order to avoid damp. The walls

of the round bakharis (Plate 119, fig. 2) are usually made of the stems

of Saccharum fuscum, locally known as Ikri, and plastered with mud.

Plate 119, fig. 1 shows a larger bakhari under construction. It has four

chambers with a door for each. The walls are of wattled bamboo

which will be plastered with mud. On the right-hand side of Plate 121,

tig. 1 ,
part of such a bakhari in the finished condition is seen. On the

left side of this figure there is a bakhari with masonry walls, with open

arches below for prevention of damp and with three chambers as is

evident from the three doors. Wheat, barley, maize, peas, etc., are

stored in the bakharis with plenty of bhusa (usually broken wheat straw,

chafi, etc.) all around the grain as shown somewhat diagrammatically in

Plate 117, fig. 2. Sometimes gunny bags filled with grain are similarly

kept in the midst of bhusa. The bhnsa is well pressed to make it as

impervious to insects as possible. In the case of wheat, barley, and

maize, which are very hable to be damaged by insects, some people take

very great care for storage. The bakhari is filled with bhisa which is

very well pressed down. Then a hole or cavity is scooped out in this

bhvsa. Grain is poured into this cavity and covered with a layer of

bhvsa on the top. Wheat is said to remain immune in this manner for

two or three years. On the other hand it has been observed to be



Page 72S(1). PLATE 117.

Fig. 1.—Section through a Morai.

Fig. 2—Section through BaJ./tari, as used in Bihar, to show how the
grain is stored with Bhusa (Chaff) all around it.





Page 728(2) PLATE 118.

Fig. 1.—Showing diagrammatically by dots where grain is affected when stored in a

Moral (left) or turti (right).

Fig. 2.—Two Bahharis for storage of grain. Two jmras of paddy seeds arc seen lying on the ground between the

Bakharis.
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Fig. 1.—A Bakhari under construction and almost completed. The walls, of bamboo wattling, have not yet been
plastered with mud.

Fig. 2.—Two Bakharis of a type used in Bihar for storage of grain.
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attacked by the Rice Weevil {Calandra oryzce) in the course of a year.

All depends on the accessibility of the insects into the grain.

On this principle a masonry store-house has been built in the Cawnpur

Agricultural Experimental Station especially to preserve the seed for

the next season. Bags filled with wheat are piled up to the ceiHng.

Care is taken to have a thick layer of bhusa all round the bags on the

floor and against the walls and the ceiling. The door is also similarly

closed. But grains are said to be affected by weevils in this store,

especially those near the door, tlirough which apparently the insects

find access.

Bokhar. From Bihar as we proceed to regions of decreased rainfall

of the United Provinces of Agra and Oudh, the precautions against

damp in the preparation of store-houses are dispensed with. In some

places in the Benares Division ordinary dwelHng houses of the cultivators

are converted into what they call Bokhars in which they store all kinds

of grain, such as wheat, maize, pulses, etc. The grain is poured on

the floor. Against the walls there is first of all a layer of linseed sticks

and then a layer of bhusa. The doors and windows also are similarly

stopped and the entire room may be filled ^\^th grain. In some places

the bokhar is a room partly underground and partly above ground.

Khatti. Where the level of the subsoil water is low the bokhar has

been replaced by underground pits known as Khattis. Plate 121, fig. 2,

shows a diagrammatic section through a khatti. It is a hollow pit under-

ground with a narrow round opening at the top about 2| feet in

diameter, through which a man can pass. A layer of leaves and bhusa

is placed at the bottom before filling in the grains and against the walls

a layer of straw is put. When the khatti is full the mouth is closed and

plastered with earth level with the surface of the ground. In order ta

empty a khatti a man goes in to fill a basket which two men pull up hj

means of two thick ropes tied at opposite ends on the rim of the basket,

as shown in the diagram. Wheat, barley, peas, gram and maize are-

usually preserved in khattis and probably wheat on the largest scale.

Much of the following details regarding khattis was supplied by Babu

Bhulimal Narayan Das, Merchant, sometime Vice-Chairman of the

Ghaziabad Municipal Board, ' and owner of 20 khattis, to one of the

writers (C. C. G.), who paid a visit to Ghaziabad in March 1918 to see

methods of storage on the khatti system. At this place there are 1,200

khattis. Their capacity is about 600 to 750 maunds. They are 15 feet

to 16| feet deep and their diameter at the bottom is of the same measure-

ment. The methods of digging khattis differ from place to place. At

Ghaziabad the diameter of the khatti at any point is equal to the depth

of this point from the ground-level. In some places, for instance at
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Hapur, the diameter at any point is one and a half times or even twice

the depth of the point from the ground level. The capacity of the

hhatti is regulated by the level of the subsoil water. At Hapur, where

there are 2,000 kJiattis, the capacity is said to be 700 to 800 maunds
;

at Secunderabad it is 300 to 400 maunds ; at Deoband and Dancor 200

maunds ; at Meerut and Shamli 300 maunds and at Etawa 1,500

to 2,000 maunds. A khatti of a given cubical capacity can accom-

modate different quantities of different articles. Thus, one capable

,
of holding 600 maunds of wheat, gram or peas can accommodate only

500 maunds of barley.

Storage in hliaUis is extremely cheap. To make one of a capacity

of 600 to 750 maunds of wheat at Ghaziabad costs only about Rs. 20

and it lasts for years. Babu Bhuhmal has ten which are more than

iifty years old. At Ghaziabad there are hhattis which are more than

a hundred years old. They are a source of steady income to their owners

who do not as a rule use them themselves but hire out to merchants.

At Ghaziabad the hire of the hhattis for the term (April to April) is

Rs. 15, 20 or 25. In some places the hire is fixed according to the

capacity. To a merchant who takes, say, a hhatti for 600 maunds of

wheat for Rs. 20 the storage cost works up to a little more than one

anna per maund for the whole year.

The greatest defect of the hhatti system of storage is that the grains

absorb moisture and ferment to a small extent, those at the bottom

and near the walls being spoilt, turning black and becoming unfit for

human consumption. When the grain is taken out it feels moist and

hot and possesses a distinct fermentation smell wMch, however, dis-

appears to a very great extent when the grain becomes dry. For this

reason hhatti grain {i.e., grain preserved in hhattis) always sells cheaper

than hotha or kothi grains {i.e., that preserved in above-ground store-

houses). On the 7th March 1918 at Ghaziabad khatti grain was selling

at 11 seers per rupee, while hotha grain was selling at 10| seers. The

Tate for hhatti wheat was Rs. 4-14-0 per maund and the spoilt wheat

from the same khatti was selling at Rs. 1|- per maund if moist {i.e.,

freshly taken out) or Rs. 2 per maund if dry. The spoilt grain is fed

to cattle. On account of the absorption of moisture there is always

an increase in the weight of the stored grain at Ghaziabad, usually

about one maund in every 100 maunds stored. This increase of course

varies from place to place or even from hhatti to hhatti.

The efficiency of the hhatti as a storage receptacle depends on {a)

the kind of soil in which it happens to be dug, (6) its age, and (c) its size.

A high ground is preferred for the hhatti and one in such ground is always

better than one in low ground. A man pointed to a hhatti in front of
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his shop in which 10 maimds of grain were spoilt in the first year and,

if kept on for the second year, as much as 30 maunds were spoilt, while-

one equally old behind his shop was reported to spoil only 3 or 4 maunds
even if the grain was continuously kept for two years. With age the-

khatti seems to become drier and therefore less grains are spoilt in them
but they were reported to be more liable to attack by insects. In some-

of the khattis which were about 100 years old it was said that there-

was hardly any increase in weight due to moisture, but on the other

hand the grain at the top up to a depth of about two to three feet was
damaged by insects, leading to a decrease in weight of about 2 or B

maunds. The insects were reported to work always from the top
do^vnwards. In large khattis holding, say, 1,500 or 2,000 maimds, on,

account of the larger bulk of the grain the damage is comparatively

small. But, as it is easier to get customers for small quantities, the

ordinary dealers prefer khattis of smaller capacity. The exporters

prefer larger ones. Of course, the longer the grain is kept, the greater

is the damage, more in the second year and still more in the third

year.

The khattis may be said in some respects to occupy the same position

as the Country Elevators do in the United States of America and Canada.
Sir Thomas Price, in his " Keport on the Storage and Handhng of Grain
in Europe, United States of America and Canada," says :

—
" The Country

Elevators are the buildings [capacity 50 to 20,000 tons and built of

wood
; p. 21] studded all over the country adjacent to Railway Stations

and usually on Railway ground, to which grain is brought by the farmers
to be sold or stored until ordered to be sent forward by rail to a flour

mill or to a Terminal Elevator, there to be either further stored till dis-

posed of or shipped by sea, lake, canal, river, railway or other means
of communication " (page 6). Also the elevator " is the ware-house for

grain, designated by a registered title, inspected and hcensed by the-

State, and under the more particular supervision of the City Board of

Trade. Grain must be weighed and classified before going into its

bins and once there it is as easy to deal in it in the market as it is to
transfer money in a bank from one account to another. The ware-
house receipt for it is negotiable ; to all intents and purposes it is the
grain itself "

(p. 39). The khattis are not as systematized as described

here. They are situated in large grain centres to which the farmers
bring their produce usually for sale. The dealers store the grain in

them and the grain stored in them may pass through several hands before
being actually emptied out and disposed of. Necessarily some rules

and conventions have arisen for the working of the khattis. Thus at

Ghaziabad there is a special class of men called Chamars who do the
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filling and emptying. The filling charges are 30 seers of grain which

is taken out of what is stored. The emptying charges are five maunds

of grain taken out of what is emptied out. These are usually met from

the increase in weight and the dealer gets the equivalent of the weight

stored. He has to meet them even if there be not so much increase in

weight or a shortage.

Questioned about the death of workers in the khattis due to the

accumulation of poisonous gases, Babu Bhulimal said that in his

opinion such accidents happened when the grain was spoilt by water

too much and when they were left half-emptied over night. In his

experience three deaths occurred in 1910 in a khatti which was left about

half-full to be emptied wholly the next day. At night three Chamars

came to steal the grain. They went in one after another and died.

Such cases occurred very rarely.

The grain in the khattis, at least wheat, does not seem to lose its

germinating power entirely. A small quantity of wheat taken out of

a khatti at Ghaziabad in March was brought to Pusa and 59 per cent,

-of it germinated when tested in April.

Banda. As described by a literate cultivator of Jabbalpur, this is

a modification of the khatti, as illustrated in Plate 122, fig. 1. It is of

the same diameter (about 10 feet) throughout and about 15 feet

deep. It is filled and the grain heaped up at the top and then covered

with earth. The convex covering does not allow rain water to get in.

Banda's are made in high grounds and sometimes with masonry walls

and bottom. In these too the grain absorbs moisture and acc^uires a

shght smell due to fermentation.

Pev of the Desh or Up-Ghat Districts (Sholapur, Satara, Poona,

Ahmednagar, etc.) of the Deccan is, according to Mr. Deshpande, a

huge underground godown usually meant for storing very large quan-

tities (hundreds of tons) of juar {Andropogon Sorghum) and hajra {Penni-

setuni typhoideum) grains. It has small square or circular openings at

the top which are at some depth below the ground-level. After filling

the godown and closing the openings the earth is filled up and a perma-

nent mark is kept to indicate the position of the openings.

Targhars, or underground cellars of tins place, are of the same nature

as the underground godowns, except that they are the underground

storey of a superstructure and possess vertical doors. The grain in

both the above is said to absorb moisture and acquire a shght smell due

to fermentation.

Kotha or Kothi (literally, a house). The khatti or pit system is said

to be not prevalent in the Punjab. There the grain when required to
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Fig. 1.— Storage-pit {Banda) of Jabbalpur.
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Fig. 2.—Wheat grains in stoppered jar under about seven inches

of sand, showing how insect pests leave the grain and come
to the top of the sand.





PKOCEEDINGS OF THE THIRD ENTOMOLOGICAL MEETING 733

be stored in very large quantities is poured on the floor of ordinary

houses or rooms which may be filled to a great depth, the doors and
windows being stopped accordingly. Sand is said to be spread over

the grain sometimes when the grain thus stored is said to be Khapra
grain. More frequently bhusa is said to be used for this purpose. The
upper layers of the grain are always spoilt by insects. Rohtak is said

to be the place where the best kotha system is practised, and, according

to the agent of Messrs. Ralli Brothers at Delhi, with whom one of the

writers (C. C. G.) discussed the question in March 1918, the best wheat
was available from Rohtak preserved according to the khajyra system.

Experiments with wheat.

Experiments I, II and III.

The preliminary experiments, viz., I, II and III, were carried on
with a kind of hard wheat obtained from the local market. The wheat
was cleaned before use but not fumigated. It was apparently infected

while lying in the dealer's godown.

Experiment I was carried on with stoppered jars (Plate 111, fia. 3)

Experiment II with small earthen vessels with earthen covers (fio-. 3)

and Experiment III with small gunny bags made by cuttiijg pieces

out of ordinary ones. Two pounds of wheat was used in all cases.

The oils were rubbed over the grains with the hand. Camphor cakes (50
grains), garlic bulbs, naphthaline balls and king (asafoetida) were placed

in the midst of the grains. Lime, senwar leaves {Vitex negundo),

tobacco dust, powdered sulphur and powdered dacra stem (a plant said

to have insecticidal properties), were mixed with the grains. Sancl, ashes

and road-dust were placed on the top of the grains. In the gunny bao-s

sand and ashes were used in large quantities and mixed with the o-rains.

Experiment I was started between 1st and 18th June 1915 and the
final examination was made on 7th March 1916. Experiments II and
III were started on 10th June 1915 and final examinations of the former
were made on 10th March 1916 and of the latter on the 23rd March
1916. For the convenience of comparison the results of the three

experiments are given together in the form of the weights left on the
date of the final examination after sieving out the dirt and insects as

much as possible. Fractions of ounces below a half are omitted, half

ounces and more being taken as one ounce. In the places left blank
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nothing was used. In the remarks following this statement some

details regarding the various treatments are given :

—

Treatment



PROCEEDINGS OF THE THIRD ENTOMOLOGICAL MEETING 73&

as its effects were already known). Next came coconut oil and then

Moliiva. oil in which the weevils apparently could not breed and were

found dead. Next came sesamum oil in which a very slight damage

had been done. More or less damage was done in all the others and

the affected grains, except those with sulphur, were fermenting and

emitted a foul smell, the degree of fermentation varying directly with

the severity of damage. In those marked " spoilt " in Experiment I

the grains were black and rotting. Although the grains were damaged

more in the other two experiments none of them fermented or emitted

any foul smell. This is a peculiarity of attack by weevils {Calandm

oryzce) in closed receptacles. They generate moisture and heat which

cause the grains to ferment and rot. In some parts of the country

people feel the sides of the storage vessels and, if they feel hot, it is

taken as a sure indication of bad weevil attack. Rhizopertha dominica

has not been observed to behave in this manner even when causing

much severer damage in similar receptacles.

As regards the look of the grain, camphor came first and next to it

sulphur. The oils made the grains very unsightly.

Lime and ashes seemed to have an injurious effect on the grains,,

apart from damage by weevils.

In Experiment I the wheat was placed on 10th June 1915. By the

15th June many weevils were observed to have come up to the top of

the sand. They could not go down through the sand and were dying

(Plate 122, fig. 2). On 7th March 1916 more than 1,800 weevils were

dead on the top of the sand. The wheat, however, was not unaffected

and its lower part fermented.

All the samples in Experiments II and III were damaged, but that

under sand in the earthen pot (Experiment II) kept the best. The-

sand had settled down, exposing much of the grains at the top, and

thus enabling the weevils to infect them.

The damage in these three experiments was due to Calandm onjzce..

There were many Tenebroides mauritaniciis grubs in the sample treated

with groundnut oil in Experiment II and in all the samples of Experi-

ment III.

The germination tests were made in all the experiments on sand

placed in glass dishes to the depth of about an inch or so and kept wet.

This gave better and more uniform results than wet blotting-paper.

Experiment IV.

One pound of wheat, Pusa No. 6, was stored in stoppered glass jars

(Plate 111, fig. 3) on 20th May 1916, mixed with the following things,

and 20 Calandra oryzce weevils put in.

VOL. I X
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The first examination was made on the 27tli November 1916 when
the juar seeds, etc., were picked out and the wheat cleaned and stored

without these seeds, etc. Blown salt was prepared by thoroughly

baking common salt over a fire. Murhi is fried rice.

», stored with
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On 26th November 1916 the damage in the samples 2, 3 and 4 was

due to Rhizopertha dominica, and in the others to Caland/a oryzce. On
the 14th March 1917 Rhizopertha was helped by Calandra in samples

2, 3 and 4 and in the others Calandra did the work. There were some

Tribolium castaneum, Lcemophloeus pusillus and Tenebroides mauritanicus

grubs and beetles in all. The salt moistened the grains and caused them

to rot.

Experiment VI.

Four pounds of wheat, Pusa No. 6, were stored on 20th May 1916

in gunny bags mixed with the following and were examined on two

occasions when weights were taken after sieving out the dirt and insects

but not the juar seeds, etc.

Mixed with
Weight on
26th No-
vember 1916

Weight on
14th March

1917
Remarks

Juar seeds, \Vo.

Blown salt, 2 oz.

Murhi ....
Nim leaves

Fumigated with CS, for 48 hours
(Check) . . "

.

(Check) ....

lb. oz.

2 14i
2 7

2 8

2 5

2 9^
2 7

2 7

lb. oz.

All damaged by Calandra oryzce. There were some Tribolium casta-

neum and Tenebroides mauritanicus grubs and beetles in all.

On the 26th November 1916 in each of these bags there were about

70 to 130 Tenebroides mauritanicus grubs. These grubs would not

attain the adult stage until the next hot weather. The grubs were

feeding on grains and also on the dust produced by Calandra oryzce.

It is apparent that Tenebroides mauritanicus can be of hardly any help

against the other store pests as by the time the beetles (which to some

extent prey upon adult Calandra oryzce) would appear there would be

nothing left of the grains. 'i

ExperimstW^ VII

.

A.—Twenty-five pounds of wheat were stored between 14th and

15th May 1916 in earthen vessels with earthen covers (Plate 111, fig. 3)

and examined on two occasions and weighed after sieving out the dirf

iind insects as much as possible, but with eaten grains or corroded shells.

X2
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The grains were smeared with the oils. -Camphor and naphthaline-

were placed inside the grain. Sand, etc., was placed on the top of the

grain. The mouth of the vessel was plugged with cotton wool. Carbon

bisulphide was placed inside the vessel and the cover plastered up at

once. In No. 11 the grains were sunned for three days, then placed,

while hot in the vessel which was plastered up.

The weights give an idea of the damage. In the germination.

columns no test was made for samples left blank.

B.—In the first week of May 1916 220 pounds wheat, Pusa No. 6,

obtained from the Pusa Farm, were stored in 10 earthen vessels. In

the midst of the grain in each vessel J oz. of camphor cakes wrapped,

in a piece of mushn was placed. The mouth of five of the vessels was

plugged with cotton wool which formed a compressed padding about

1 to 1| inches thick over which a thick plaster, 1| to 2 inches of mud,-

was placed. The mud dried and made a hard solid cover. The mouth

of the other five vessels was covered with the ordinary earthenware

cover (Plate 111, fig. 3), which was very carefully plastered down

with mud.

180 lb. of the same wheat were stored in five kerosine tins similarly

with camphor cakes, the openings of the tins being plugged with cotton

wool and plastered with mud.

The kerosine tins were opened in July-August and the grains in

them were observed to be affected by Rhizopertha dominica in company

with Triholmm casteneum. The last tin, opened on the 7th August

1916, had the grain in the top four inches badly damaged by the above

insects, the grains below being safe.

The ten earthen vessels were opened on the 8th September 1916.

The entire grain was spoilt by the same two insects. There were milHons

of them and their grubs and pupoe. Much of the grain was reduced

to a flour-like dust and the whole mass had a very disagreeable nauseating

smell due to Triholium. The dust being sieved out weighed more

than 40 lb. and the grains about 170 lb. Most of the grains were

bored and had insects in them and it was estimated that the atta from

them would not be more than about one-third this weight. The atta,

however, would be quite unusable.

The insects bored through the mud plasters.

C.—Pusa No. 6 wheat was harvested and stored in April 1915 in

kerosine tins in a private house with camphor cakes, the small holes of

the tins being tightly plugged with cloth.

A tin was opened in September 1917. The seeds were free and the

percentage of germination obtained in October 1917 was 95.
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Experiment VIII.

741

25 lb. wheat, Black-awn, were put in each of five earthen vessels
with 20 live Calandra oryzce weevils on the 15th May 1916 and the covers
plastered up with mud.

Serial

No.

On 6th December 1916

Weight
after

sieving out
dust

lb. oz.

17 6

18

7 2

22

Weight
after

winnowing
off chaff

lb. oz.

3 8

Agents of damage Remarks.

C. oryzce with some B. dominica

Ditto.

R. dominica with a few C. oryzce
and T. castaneum.

Ditto.

C. oryzce with some R. dominica Vessel broke and
j

changed 10th
August 1916.

On 6th December 1916 (3) and (4) were rejected and 24 naphthaline
b^lls (21 OZ.) put in (1), 9 camphor cakes (1 oz.) put in (2), and half
an ounce carbon bisulphide put in (5), all being plastered up with mud
again.

On 14th December 1916 all insects were Hving in (1) and (2) ; some
were dead and most living in (5). On this date J oz. more of CSg was
put in (5) and all the three plastered up and left.

On 7th March 1917 all were further damaged hj Calandra oryzce, a
few LcBmopJiloeus pusillus being present. The weights after sieiing
out the dust were as follows on this date.

In-

(1) 15 lb. 3 oz.

(2) 15 lb. 10 oz.

(5) 191b. 4 oz.
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Experimeiit IX.

On 13tli May 1916, 160 lb. wheat were placed in each gunny bag
and the grain treated as follows. The results of examination and weights

after sieving out the dust are given in the same statement.

Serial

No.
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A.—Pusa No. 4, 1 lb. in stoppered glass jar :

—

15th May 1916 . . 20 live weevils put in.

6th July 1916 . . Wt.= l lb. 40 grains ; not affected.

All the 20 weevils dead ; picked out.

4th December 1916 . Not affected.

15th March 1917 . . Wheat unaffected ; 20 weevils put in.

21st January 1918 . 837 weevils picked out.

7th November 1918 . 2,100 weevils picked out. Grains decomposed and
emitting a bad smell, altogether unfit for use. Weight
left after sieving and drying = 13| oz.

In 10 months 15th March to 21st January the weevils multiplied 41 times and in

about 20 months from 15th March 1917 to 7th November 1918 about 147 times.

B.—PuSa No, 6, 1 lb. in stoppered glass jar :-

15th May 1916

6th July 1916

20 live weevils put in.

. Unaffected. All the 20 weevils picked out dead.

Weight of grains= 1 lb. 20 grains.

4th December 1916 . Unaffected.

15th March 1917 . . Unaffected ; 20 weevils put in.

22nd January 1918 . 1,389 weevils picked out. Benzine was applied to
stupefy the weevils.

7th November 1918 . 28 weevils picked out.

Weight after sieving, 14f oz. The grains in good condi-
tion except that they are bored. They are not
decomposed and do not emit any smell. Can be used.

In about 10 months, from 15th March to 22nd January 1918, the weevils multiplied
about 69 times.

C—Pusa No. 12, 1 lb.

loth May 1916

6th July 1916

4th December 1916

15th March 1917 .

22nd January 1918

7th November 1918

in stoppered glass jar :

—

20 live weevils put in.

19 dead weevils picked out, 4 live ones present, evidently
3 bred out from the grains. The 4 living ones left
with the wheat. Weight of wheat left=l lb. less 40
grains.

The wheat is affected. 40 grains dust thrown out. 481
weevils picked out, of which 195 were dead.

Weight of wheat after sieving 15^ oz.

240 weevils picked out.

1,257 weevils picked out.

Weight of wheat after sieving and partly drying 13| oz.
The grains decomposing and emitting a bad smell.
Altogether unfit for use. To-day only 41 weevils
found in it.

In about 7 months, from 15th May
about 24 times.

In 10 months, from 15th May 1916 to 15th March 1917,

times.

In 20 months, from 15th May 1916 to 22nd January 1918, they multiplied about 99
times.

4th December 1916, the weevils multiplied

they multiplied about 36
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D.—Pusa No, 106, 1 lb. in stoppered glass jar :

—

15th May 1916 . . 20 live weevils put in.'

6th July 1916 . . Unaffected ; 20 dead weevils picked out.

4th December 1916 . Unaffected.

15th March 1917 . • Unaffected ; 20 weevils put in.

22nd January 1918 . 484 weevils picked out. Benzine had been applied to

stupefy the weevils.

Sth November 1918 . 58 weevils picked out. Weight left=l lb. Grains in

good condition except that they are bored. They are
not decomposed and do not emit any smell. Can be
used.

15th March 1917 to 22nd January 1918, the weevils multi-In about 10 months, from

plied about 24 times.

E.—Black-awn, 1 lb,

15th May 1916

6th July 1916

4th December 1916

15th March 1917 .

22nd January 1918

7th November 1918

18th February 1919

In about 10 months, from

plied about 49 times.

in stoppered glass jar :

—

20 live weevils put in.

Wheat unaffected, 19 dead weevils picked out and 1 not
traceable.

Unaffected.

Unaffected ; 20 weevils put in.

Affected ; 984 weevils picked out.

36 weevils picked out.

Grains are in good condition except that they are bored.

Not at all decomposed and do not emit any smell..

Can be used. Weight after sieving 15^ oz.

No weevil found. The above pickings cleared them
off and apparently there were none left to breed.

Benzine had been applied at the time of the above
pickings to stupefy the weevils.

15th March 1917 to 22nd January 1918, the weevils multi-

Ex'periment XI.

This experiment was undertaken to see if the grains, when artificially

dried, were more liable to be attacked by insects.

A.—Pusa No. 6 :

—

1 lb. dried down to 0° moisture. Weight reduced to

14 oz. 165 grains. 14 oz. kept in stojipered jar which

is occasionally opened, thus allowing the grains to

absorb moisture from the atmosphere.

20 weevils put in.

Unaffected; all the 20 weevils picked out dead. Weight
14 oz. 100 grains. Grains spread out for 1 hour after

which weight=14 oz. 200 grains.

Unaffected ; 20 weevils put in.

Unaffected ; 20 dead weevils picked out.

Unaffected. Weight 14| oz. Left spread out exposed-

till morning of 6th May 1918 when weight=15 oz.

Put back in the stoppered jar with 40 weevils.

Unaffected ; 37 weevils dead.

Unaffected. All weevils dead. Weight 15 oz. The
germinating power of the grains was lost.

13th-14th May 1916

15th May 1916

6th July 1916

15th March 1917 .

21st January 1918

5th May 1918

Sth November 1918

ISth Febmary 1919
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B.—Black-awn :-

13th-14th May 1916

15th May 1916

6th July 1916

15th March 1917 .

22nd January 1918

5th May 1918

7th November 1918

18th Febraary 1919

C—Pusa No. 6 ; 1 lb.

reduced to about 1 lb.
^

12th-14th May 1916

15th May 1916

6th July 1916

15th March 1917 .

21st January 1918

6th May 1918

7th November 1918

92 per cent, of the grains

1 lb. dried to 0" moisture.

Weight reduced to 14 oz. 171 grains ; 14 oz. kept in

stoppered jar, occasionally opened, thus allowing the
grains to absorb moisture from atmosphere.

20 weevils put in.

Weight 14 oz. 160 grains. Unaffected. All the weevils

dead. Wheat spread out for 1 hour after which
weight= 14 oz. 200 grains.

Wheat unaffected. 20 weevils put in.

Wheat unaffected, the 20 weevils dead.

Unaffected. Weight 15 oz. less 170 grains. Left exposed
till morhiiag of 6th May 1918 when weight =15 oz.

Put back in stoppered jar with 40 weevils.

Unaffected, 38 weevils picked out dead.

Unaffected. All weevils dead, weight \o^ oz.

The germinating power of the grains was lost.

1 OZ. dried in the sun for full three days. Weight

oz. :

—

1 lb. of this kept in stoppered jar which is opened occa-

sionally to allow the grains to absorb moisture from-

the atmosphere.

20 weevils put in.

Weight= 1 lb. 155 grains.

Wheat unaffected ; the 20 weevils dead.

The wheat exposed to ordinary atmosphere as long as

it took to pick out the weevils and then put back in

the stoppered jar.

Unaffected ; 20 weevils put in.

Unaffected ; 20 weevils dead.

Unaffected ; 40 weevils put in.

Weight 1 lb. J oz. ; slightly damaged ; 414 weevils

picked out.

germinated when tested in December 1916.

D.—Black-awn :-

12-14th May 1916

'15th May 1916

6th July 1916

15th March 1917 .

22nd January 1918

6th May 1918

7th November 1918

18th February 1919

Cent, per cent, seeds

1 lb. 1 oz. dried in the sun for full three days. Weight
reduced to about 1 lb. ^ oz. One pound of this kejot

in stoppered jar which is opened occasionally to allow

the grains to absorb moisture from atmosphere.

. 20 weevils put in.

. Unafl'ected. Weight=l lb. 115 grains. All the 20
weevils dead. The wheat was spread out to pick the

weevils and remained exposed as long as it took to

pick out the weevils.

. Unaffected ; 20 weevils put in.

. Unaffected ; 20 weevils dead.

. Unaffected ; 40 weevils put in.

. Unaffected ; 38 weevils dead.

Weight= 1 lb. J oz.

. Unaffected,

germinated when tested in December 1916,
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Experiment XII.

To see if grains sealed with carbon bisulphide lose their germinating

power two varieties of wheat, viz., Pusa No. 6 and Black-awn, were

used and kept in stoppered glass jars which were further sealed with

paraffin wax.

20th May 1916 . . 1. Black-awn, 1 lb. sealed with CSa-

2. Pusa No. 6, 1 lb. sealed with CS^.

3. Black-awn, 1 lb. sealed without CSj.

4. Pusa No. 6, 1 lb. sealed without CSj.

28th November 1916 . All the jars opened and the grains aired and sunned.
There was profuse smeU of CSj in the jars treated

with it. 100 seeds of each were set out for germina-

tion. In (1) and (2) none germinated. All germinated
in (3) and 88 in (4).

Experiment XIII.

It will have been observed in the foregoing experiments that in

many cases there was an increase in the weight of the grains stored

when they were not damaged by insects. This was due to the variations

of moisture in the atmosphere. Unless the vessels are airtight or

rather impervious to air the grains absorb moisture. In this experiment

all the grains were stored with naphthaline, two of them being in

air-tight glass stoppered jars and the rest in glass dishes with loose

covers which would allow air but no insects to get in. (See Table on

page 747.)

Experiment XIV.

Germination had not so far been satisfactory in the case of wheat

stored under sand. In order to ascertain definitely whether sand itself

had any injurious effect this experiment was made with the variety of

wheat knoAYu as Black-awn, 8,000 lbs. of which was obtained from the

Pusa Farm in April 1917 for carrying on the next experiment. After

being harvested the wheat had lain in the Farm godown for a few days

when apparently it became infected, as will appear from the records

of the experiment. At the time of storing Tribolium castaneum

beetles could be observed in the wheat. But no attempts were made
to clean or fumigate the grain as the aim was to determine the efiect

of sand both in this and the next experiments. On 4th April 1917,

before starting the experiments, two lots of 100 wheat grains each were

placed for germination and within a week 93 germinated in one lot and

85 in the other. For this experiment six pounds of wheat were placed

in three glass stoppered jars (Plate 122, fig. 2), 2 lbs. in each on 1st

May 1917.
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(1) This was left as a check.

7th January 1918 . . 490 Tribolium castaneum and 980 Calandra ori/zce adults

were picked out. Benzine was put inside the jar to

stupefy the insects and then the grains were aired and
put back. The grains weighed 1 lb. 15J oz.

8th November 1918 . 4,315 Calandra oryzce and 17 Tribolium castaneum adults

were picked out after being stupefied with benzine as

before. Many grains were bored ; otherwise the wheat
was in good condition.

(2) In the Second jar the wheat was covered with a layer of about

'7 inches of dry fine sand

—

4th June 1917 . . Tribolium and Calandra adults came up to the top of

the sand.

7th January 1918 . . On the top of the sand there were 651 dead and 4 living

Tribolium and 18 dead Calandra adults. In the

sand and wheat there were 41 dead Tribolium and 4
dead Calandra adults. Plate 122, fig. 2, gives the photo-

graph of this jar. The wheat was unaffected, though
a few grains were bored, and weighed 2 lb. The
sand was thrown out and the wheat kept in the jar

without sand.

8th November 1918 . Wheat unaffected. There were 4 dead Tribolium and 1

dead Calandra adults.

(3) The wheat was kept under sand as in (2), but this sand was

: sterilized by being heated over a fire and cooled before use

—

14th June 1917 . . Calandra and Tribolium adults came up to the top of

the sand.

7th January 1918 . . On the top of the sand there were 457 dead Calandra
and 2 dead Tribolium adults. From the sand and
wheat were picked out 35 living and 1 dead Tribolium

and 85 living Calandra adults. The wheat weighed
2 lb. and was unaffected, though some grains were
bored. The wheat kept without sand.

8th November 1918 . 1,936 Calandra adults present in the wheat which was
distinctly affected and weighed 1 lb. 14 oz.

The percentage of seeds which germinated within a week in January 1918 was 90 in

(1), 93 in (2), and 87 in (3). The sand itself has no injurious effect on germination. This

was further corroborated in the next experiment. The percentage of germination of

seeds in (1), after they were benzined, was 88.

Experiment XV.

In the previous experiments it was observed that RMzopertha dominica

was eliminated if closed receptacles were not used. This experiment

was made to give extended trials to sand and to see if free air and light

(also sun) had any retarding effect on Calandra oryzce. The entire

experiment was started in April 1917 with the Black-awn variety of

wheat obtained from the Pusa Farm. As observed in Experiment XIV
the wheat was already affected before storage. The details of the

experiment are given in the statement below.
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The statement is sufficiently self-explanatory.

In No. 18, i.e., the strsiw pura (Plate 114, fig. 3), the places where

the grain was affected are the two ends indicated by dots in Plate 118,,

fig. 1. The ends of the longitudinally arranged straw making up the

lining inside converge at the ends but leave enough openings for the

insects to creep in. Out of 468 lb. 2 oz. left in January 1918 about 117

lb. was fairly damaged (1 grain in about 8 bored) and the rest was good.

In No. 19, i.e., in the straw momi (Plate 116), the places where the

grain was affected in the column of the wheat (the column was about

5 feet high, 5 feet in diameter at the top and 41 feet in diameter at the

base) are indicated by dots in Plate 118, fig. 1. At the top the infection

spread up to a layer of about one inch all round and at the bottom to

a depth of about two inches. Of the total weight obtained in January

1918, about 320 lb. was slightly damaged (about 1 grain bored in every 8)

and in about 100 lb. one grain in every 4 was bored. The rest was good.

It should be mentioned here that in September 1917 about 320 lb. of

affected wheat was cleaned in the Insectary compound at a distance

of about 50 yards from the mwai. Millions of weevils spread all round

and many reached the morai too over ploughed-up fields.

As noted above, the agents of the damage were Calandra oryzce^

There were, however, some Tenebroides mauritanicus, Triholium

castaneum and Lcemo'phlceus pusillus grubs and adults in almost all

samples kept inside the godown.

It will be observed that free air, light and sun had no effect on the

rice weevil. The sand, of course, gave the best result.

Experiment XVI.

Fumigation with Nitro-benzol.

13th January 1918 ; 10-30 a.m. . In a wooden fumigating-box measuring 2' 6"

on all sides a quantity of the affected wheat
from the previous experiment was placed to

a depth of about 2 feet. On the top of the

wheat was kept a flat porcelain dish with
45 cc. of Nitro-benzol and the cover of the

box put on and made air-tight by means of

water in the water- channel.

14:th January 1918 ; 10-30 a.m. . The box was opened. A strong smell of Nitro-

benzol was perceptible. Only about 4 cc.

of Nitro-benzol had evaporated. Within
about one inch of the surface of the wheat
Calandra oryzce and Tribolium castaneum

adults and Tenebroides mauritanicus grubs
were quite active.

At 3 p.m. . . . . There was vet sufficient smell of Nitro-benzol

present in the wheat, although it was left

quite exposed

VOL. 11 Y
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Experiment XVII.

The experiments in storing grain against insects were carried on at

Pusa wliere Trogoderma khapra does not occur. In order to find out the

effect of sand on this insect this experiment was made when materials

were available.

17th June . . . 100 beetles and 100 grubs about half to three -fourths

grown were placed in a glass jar with sound wheat.

19th June ; 10 a.m. . Fine sand was placed on the top of the wheat. Much of

the sand percolated down and a sufficient quantity
was added to keep the grains covered.

20th June ; 8 a.m. . 18 grubs and 16 beetles were observed to have come up
to the top of the sand, where they were crawling

about, apparently not being able to make their way
down through the sand. Eleven of the beetles were
dead. The insects are left on the top of the sand.

21st June; 8 a.m. . 29 grubs and 18 beetles are found on the top of the

sand. All are left there.

22nd June ; 8 a.m. . 31 grubs and 19 beetles on the top of the sand.

By 26th June . . 68 grubs came up to the top of the sand. No more of

the beetles came up, as they were dead.

It will be evident from this experiment that sand will prove as effective a check

upon this pest as upon the other pests with which the experiments carried on at Pusa

were concerned.

Experiments with rice (husked).

Experiment XVIII.

A parallel series of preliminary experiments was made with usna

Tice (rice prepared after boiling the unhusked paddy grains which are

then dried and husked) in small earthen pots with loose covers ( Plate

111, fig. 3) and small gunny bags in the same manner and at the same

place as wheat in Experiments I to III. Two pounds of rice was used

in each receptacle. They were stored between 15th June and 1st July

1915 and the final examination was made on 20th March 1916, the

weights left on which date, after sieving out the dust, are shown in

the table below. The damage was done by Calaadra oryzce and there

were Tenebroides mauritanicus, Triholimn castaneum and Lcemophloeus

pusillus in almost all.

Serial

No.
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The seeds were :

—

(a) Smeared with castor oil, mustard oil, sesamum oil, coconut oil,

mohwa {Bassia latifolia) oil, linseed oil and groundnut oil,

(6) mixed with Ume, sulphur powder, murhi (fried rice) and blown

salt,

(c) stored with camphor, king (asafoetida) and naphthaline,

{(J) covered with road dust, sand, and ashes,

(e) dipped in salt solution, soda solution and lye (solution of

plantain ashes).

None of the treatments immunized the seeds, only road-dust, sand

and ashes in the earthen pots mechanically prevented the beetles having

access to the seeds which thus escaped damage.

The oils retarded the attack. • As long as the seeds remained moist

with oil they escaped, but were attacked when the oils dried. The

seeds were stored in May 1916. By July 1916 those not smeared with

oil were attacked, the oiled ones not being attacked until about October

1916.

The affected seeds goon turned black and became unfit for use. The

seeds under sand kept their natural colour and appearance even after

about two and a half years (26th October 1918). Those under ashes

came next but were much inferior. The germination tests, however,

gave poor results, varying from 1 to 24 per cent. In the case of wheat

also the germination of seeds kept in earthen pots invariably gave poor

results.

Kirao {Pisum arvense) and khesari (Lathyrus sativus) s'eeds, kept

from March 1917 to November 1917 under sand in a glass trough, gave

cent, per cent, germination.

Conclusion.

The results aimed at in successful storage of grain are (1) that it

should remain undamaged by insects, (2) that it should not deteriorate

in quality, and (3) that it should not lose its germinating power when
required for use as seed. As ascertained by observation and detailed

in the section on " immunity or otherwise of stored Seeds, etc.", all

grains are not liable to be attacked by insects and do not require special

precautions in storing. Those liable to be attacked include our principal

food-stuffs, viz., rice, wheat, barley, maize, jiiar and the pulses. They

require special precautions for storage and in their case the above results

are usually recommended to be obtained by fumigating the grains with

«arbon bisulphide before storing and then storing them in insect-proof

receptacles. In the case of Indian house-holders both these conditions

-are wanting.
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Of ttie receptacles in use among the ordinary house-holders for

storage of grain, gunny bags are the worst as they expose the grain to

insects all over their surface.

The various types of earthen vessels, mud-bins and bamboo-bins

cannot be made insect-proof.

Attempts are often made to make earthen vessels insect-proof by-

plastering down their covers with mud. They cannot be made insect-

proof in this manner, as some of the worst pests {e.g., Bhizo'periha domi-

mca) can work their way through the mud plaster. As will appear

from the records of experiments with wheat given above, the grain

(especially the cereals) in vessels closed in this maimer is liable to be

attacked by two seiious pests, viz., Wiizojjertha dominica, which does-

the greatest damage in the shortest time of all the store pests, and {2}

Calandra oryzce, the ordinary rice weevil, which, in addition to the actual

damage by feeding, causes the entire quantity of grain, including the

unaffected ones, to feiment and rot owing to the moisture and heat

generated by it while breeding in the grain. In vessels which are not

thus closed and into which free air can have access the grain (cereals)i

is liable to be attacked only by the rice weevils with this advantage

that no fermentation and rotting are set up, as the moisture and heat

generated by the insects escape. Therefore open-mouthed unclosed

vessels are preferable.

There is no treatment known which can immunize the grain against

insects even for a few months. Safety lies in storing the grain in open-

mouthed unclosed receptacles and at the same time adopting such

methods as will prevent the insects having access to it. This has been

found to be practically possible by keeping the grain in open-mouthed

receptacles with solid walls and bottom through which no insects can

have access, and by keeping the grain covered at the top with a layer

of dry fine sand.

Plate 123, figs. 1 and 3 show how the grain should be stored in

earthen pots and kerosine tins or bins. The sand percolates down and

exposes the grain at the top. This should be guarded against at the

time of storage by making the sand go down as much as possible by

shaking or striking the sides of the receptacles. A layer of about 1 to

2 inches of sand should stand at the top covering the grain always.

The sand has an additional advantage. Some of the peSts (especially

the Pulse Beetles) infect the seeds while still in the field an d the insects

which remain inside the seeds are brought into the store a nd afterwards

breed there. The sand prevents such insects from breeding and it has

been found practically that the msects come up to the top of the sand
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PLATE 123.

Fig. 2.—Showing how the top of a bin can be

modified for the use of sand if it is not in-

tended to allow the grain to be mixed with

sand.

Fig. 1.—Section through earthenware pot,

showing how grain should be kept with

a layer of sand at the top.

1







Page 757. PLATE 124.

Fig. 1.—Showing how a mud bin can be formed on the floor inside

mud-walled houses or huts.

uuniiimiiunniuifiiiiiniiu

Fig. 2.—How openings, if desired at the lower parts of bins

for taking out the stored grain, may be protected

with sand.
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and cannot go down again. The grain is therefore automatically freed

of such insects.

It should be remembered that the principal infection, and in the

majority of cases the primary infection, takes place after the grain is

harvested and when it is allowed to be exposed either in the threshing

yard or in the godown. Storing should be done directly from the thresh-

ing yard. Another point to remember is that the sun is a very good

insecticide of which all can make use and the grain should be stored

while hot after exposing it to the sun, if possible in thin layers so that

all the grains may be heated.

If it is not intended to mix the grain with sand, a sheet of cloth can

be spread over the grain and the sand placed above the cloth. In

actual practice it has been found to be equally effective in the case of

wheat, as will appear from Experiment XV, 2 and 17. The insects,

at least the rice weevils, somehow crawl out and do not breed in the

grain. If the top of the bin is made in the manner shown in Plate 123,

fig. 2, the sand will remain in touch with the grain all round the edges

while the grain in the bin will remain free from sand. In such bins a

sheet of iron or tin or a wooden plank can be used in place of the

sheet of cloth. When the grain is stored directly from the threshing

floor, as recommended here, cloth for such bins can always be used.

If, however, the grain is already- badly infected, sand allowed to

percolate down through the grains will force out more insects. It is,

however, better not to use sand in the case of badly infected cereals,

as sand gets into the holes produced by the insects in the grains and

cannot be removed easily. Badly infected cereals cannot be freed of

insects entirely by sand and breeding and damage may continue under

.sand as the inSects, especially the weevils, find enough room to move

about in the interspaces among the eaten grains. In such cases the

grain should first of all be freed of insects either by fumigation where

feasible or by breaking up the eaten grains and shells in a pestle and

mortar, winnowing ofi the dirt and chaff and then thoroughly heating

the grain in the sun or, better, over a fire. It can then be stored with

cloth and sand to prevent re-infection and further damage.

The mud bins of Bihar (Plates 112, 113) and bins made of bamboo or

sticks of other plants and the Bihar Bakharis are not good for storage

purposes, at least for cereals. Whatever be the receptacle used, it

should have the bottom and walls in one piece and without cracks or

inter-spaces through which insects can creep in. Mud-walled storage

bins can be built inside houses as shown in Plate 124, fig. 1. The

empty space below is for aeration so that the grain may not be

a fleeted by damp. Similar masonry storage bins can be built with
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arclies below ag seen in Plate 121, fig. 1. A bin measuring 2|x2|x2
feet can accommodate more tban ten maunds of grain. It can be made
as large and liigb as one likes. A series of bins can be built side by
side. The Bihar Bakharis can be replaced in this manner.

If it is intended to have a hole at the bottom for taking out the stored

grain whether in mud, masonry or iron bins, the hole should be protected

with sand as shown in Plate 124, fig. 2.

The system of storage recommended here is applicable to cereals,

pulses and such articles as coriander seed, turmeric, etc., which can

be conveniently placed under sand and easily cleaned before use.

Sand keeps the grain practically in the same condition in which

it is stored. The germinatmg power is unaffected. Earthen pots, at

least those available from the potters in the neighbourhood of Pusa,

have an injurious effect on the germinating power of seeds stored in them,

Wh^n the grain stored is intended to be used as seed earthen pots should

not be used. Kerosine tins or iron bins are good for this purpose.

Storage above ground is always preferable to storage underground

such as in pits. But the pit system of storage is so much in vogue and

so cheap that it will probably not be given up quickly, although after

the initial expenditure has been met for making proper preparations

for above-ground storage, the better quality of the stored grain, fetching

a higher price, and the absence of loss due to insects, moisture and

fermentation, will soon more than make up for the initial expenditure.

Mr. Ramakrishna We tried storing paddy seeds according to this method and the
^yy^^- seeds were unaffected by the beetles.

Mr. G. R. Dutt. ^^- Ghosh has said that a cloth should be placed between the layer

of sand and the grain ; if so, how would the insects be able to get to the

top of the sand 1

Mr.'Kunhi Kannan. ^^ Mysore we carried out some investigations along the lines suggested

in this paper and we came to the same conclusions. The insects do

come to the top layer and this is on account of the instinct of reproduc-

tion. In the grain they cannot copulate and for copulation they want

a central place where they can come together and so they come to the

surface, where they copulate and lay eggs. I have found that the

degree of infection is always greater at the top surface, so the insects

do come to the top. If there is a layer of sand they cannot get in again.

If the layer of sand is not very thick and is only about half an inch deep,

then the beetles have been observed to go down and a very interesting

thing happens. Sometimes two or three beetles drag a grain to the

top and lay eggs there.
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In Mysore tliis practice was very prevalent at one time but now
people seem to have forgotten it. Another method employed is that

of using a bin with the capacity of six hundred seers. This bin has a

hole which is closed by a coconut shell fitted with a string arrangement

to close the hole, the top of the grain is covered by a layer of sand and

the grain can be taken out from the lower hole. In some experiments

infected seeds were placed in a jar and covered over with a layer of

sand. The insects crawled up but could not come down again. Why
they cannot go down js very difficult to say.

In our experiments several different samples of the grains of wheat Mr. Ghosh,

were tried.

In the North-West Frontier Province a cultivator near Tarnab has Mr. Robertson-

a grain-store made of deodar with a capacity of about 1,500 maunds.
^^°^"'

It is raised from the ground and is simply built of boards and is very

airy. I saw it first some seven years ago and the owner tells me that

it has been built for thirty years, and that he has never had any trouble

with weevils * in it during that time. I have seen the store pretty well

filled and also almost empty and without any pests at any time. Other

stores which are not airy are always badly affected. My experience

is that, if grain is kept in airy stores, it remains safe. It is not a ques-

tion of storing small quantities, twenty or thirty tnaunds or so, but of

thousands of maunds. In our district the hanias mix dust with the

grain and it does not get pests. Further, I have found that when local

grain is badly affected, " Pusa 4 " wheat suffers very Httle. I have
also found that, while grain stored indoors in bins suffers badly, that

stored in airy places does not suffer. One year, owing to shortage of

bags, we put some of our grain in old snuff-bags and the grain placed

in these bags did not suffer from insect attack. Of course, snuff is a

very strong-smelling substance. On further inquiries I was told that

if the bags were dipped in folvo the grain would keep safe. This has
not been tried as yet. In some parts cyHndrical stores of mud are

made and in these the grain keeps well.

I can corroborate what Mr. Robertson-Brown has told us about Mr. Fletcher.

the timber-built granary at Peshawar as I saw it when at Peshawar
three or four years ago and found it quite free from insect pests, although

the ordinary local pattern of granary, built of thick walls of mud, was
swarming with pests, mostly Trogoderma khapra. It struck me that the

•difference might be due to the greater variations of temperature in the

* The term " weevils " here includes Trogoderma khapra, which is the worst pest

in the ordinary mud stores in the North-West Frontier Province, as well as Calandra
cryzcB.—Editor.
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Mr. Ramrao.

Mr. Kunhi Kannan,

Mr. Ghosh.
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Brown.

Mr. Harchand
Singh.

Mr. G. R. Dutt.

Mr. Ghosh.

Mr. Fletcher.

Mr. Ghosh.

case of the timber-built store as compared with the mud one and it

was proposed to test this and compare the efficiency of the two type&

by building two small granaries, side by side, one of timber and the

other of mud, and taking daily temperature-readings in each. These

granaries were being built when I was at Tarnab in May 1916 and I

left thermometers there for taking the readings but have not heard any

more about them.

Those experimental stores proved a failure as they were not rain-

proof.

Rats do a great deal of damage to stored grains and make holes in

granaries.

If the stores are placed on pillars, off the ground, as these Peshawar

timber-built stores are, the damage from rats is eliminated.

The new rat-proof grain-stores recently erected in Colombo show

how the damage done by rats can be nullified.

In some parts of South Kanara a paste is made of red earth which

is mixed with pulses. These are stored in a corner of the house and

remain quite exposed. They keep quite well in this way even up to

two years. I have seen this myself.

This method has been tried in Mysore but was not found successful.

Rhizopertha breeds if the mouth of the bin is plastered over, but,,

if left unplastered, it does not develop.

We plastered over the mouths of our motkas and the seed was damaged.

If kept in air-tight boxes, maize loses its germinating power.

In Patiala and the neighbouring districts bhiisa [chaff] of gram is

placed in a layer below and above the grains and they keep well ; but

wheat if stored in this way does not keep.

If the grains are already infested holes are formed in the grains when

the adults emerge. In the method of storage under sand, the sand

gets into these holes and renders the atta made out of such grains un-

eatable. Also how can insects come out through the cloth ?

We have experienced the trouble from the sand in the atta in the

course of our experiments. The first thing is, why should you allow

your wheat to be infested ? Take it directly from the threshing yard

and store it under sand and there will be no trouble, as the grain will

never be infested. The stirring, which the grain receives at the time

of storing, causes the weevils, which may be in it, to leave it and the

damage is caused by the weevils which gain access to it afterwards.

In actual experiments it has been found that the weevils manage to-

get out through the edges when there is cloth.

The grain may be infested in the field.

There is hardly any infestation in the fields.
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The reason why it is that the weevils come to the top is that they Mr. Kunhi Kannan.

want free space to mate.

When a large quantity of grain is stored and small quantities have Mr. G. R. Dutt.

to be taken out at intervals for use, infestation may take place when
the sand is removed from the top. Some arrangement by which the

grain can be drawn out from below would be desirable.

Such an arrangement is possible but not necessary. The grain can Mr. Ghosh,

be taken out from the top and re-covered with sand. The bin of which

Mr. Kunhi Kannan has given a description, with a hole at the lower

part closed with a coconut shell, affords a weak point at the hole through

which weevils will get in. If it is really desired to have such a hole it

should have an arrangement which will allow of the hole being covered

vrith sand.

38.—MEECUKY AS AN INSECTICIDE. (Abstract.)

By K. Kunhi Kannan, M.A., F.E.S., Senior Assistant Entomologist,

Mijsore.

While investigating the indigenous methods of storing pulses in

Mysore, it came to the notice of the Agricultural Department that

raiyats had great faith in the efficacy of mercury as a protection against

the pest. The practice appears to have been to place a drop of mercury

in an excavated soap-nut in the receptacle used for storing. Further

details could not be obtained, as the practice seems to have died out

practically. The poisonous effect of mercury vapour on human beings

being well known, it was decided to test the value of the metal as an

insecticide and the results have vindicated what has been long re-

garded as a superstition.

The presence of the metal in very small quantity placed in a dish

inside the receptacle prevented the multiplication of the beetles. A
series of experiments conducted show that the action is on the eggs

of the beetles which are usually laid only on the top surface of the pulses

and not on the other stages. The efiect is less marked in the case of

large store bins of several cubic, feet capacity. But in small jars or -

pots of a couple of cubic feet or so a drop or two absolutely prevent

emergence. The same deleterious action has been noticed on the eggs

of silkworms also. Detailed results will be published elsewhere.

Where do the raiyats get the mercury ? Mr. Fletcher.

It is sold in the bazaars. Grocers store it. Mr. KunhiKannan.

Is it found in India ? Mr.';^Fletcher.
'

I think so. At one place they had ten pounds of mercury found Mr. Kunhi

as metal in one place.
Kannan. j
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Mr. Fletcher.

Mr. Kunhi
Kannan.

Mr. Fletcher.

It sounds rather unlikely to find free mercury. Possibly it comes

from the Kolar mines.

I also tried the efiect of mercury on silkworm eggs and found that

it prevented their hatching. The method of action seems obscure.

We weighed the mercury used in our experiments and found that there

was no loss of weight.

The subject seems to require further investigation.

39.—LIST OF THE PESTS OF THE STORED PRODUCTS, SPICES
AND DRUGS, IN BURMA.

By K. D. Shroff, B.A., Entomological Assistant, Burma.

Pest Product Remakes

Sitotroga cerealelia .

Calandra ori/zce

Tribolium castaneum

Corcyra cephalonlca

Bruchus chinensis .

Bruchus sp.

Bruchus theobromce .

Bruchus analis

Bruchus sp. (3 species)

Lasioderma testaceum

Aphanus sordidus .

Beetles looking like Rhizopertha

Stoked Pkoetjcts.

Paddy, Jua .

Rice, wheat, Juar,

maize, gram, etc.

Rice, wheat, flour,

pulses.

Rice

\Mung, llrid, Tur,

I

peas.

-Beans (Dolichos lab-

lab).

Sesamum, groundnut

Barley

Minor pest.

Major pest.

Minor pest.

Do.

Major pest.

Major pest.

Minor pest.

Reported " serious " from
Taungtha, Myingyan Dis-

trict.

Found on barley imported
from Delhi by the Mandalay
Brewery.
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potatoes for seed. In localities where only one crop a year is the rule it

has to be kept for fully eight months or more, but the potato is capable

of being grown and is grown in two seasons in a large number of places.

In the latter case the period it has to be kept is much less, a matter of

four months. On account of the abnormal losses in storage due to

diseases and pests the price of the potatoes may rise from one rupee

a maund in Bengal to even fourteen or twenty rupees a maund at the

next sowing. In Bombay, although it has not been seen to rise to such

a high figure, three to four times the harvest price is realized during

the next sowing. The same conditions probably obtain in the Central

Provinces and the Punjab. From observations taken of the cultivators'

heaps it is found that the loss due to diseases and pests may range from

50 to 75 per cent.

Serial
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invisible bacterial and fungal diseases in the potatoes. An experiment
carried out in 1912 showed beyond doubt that even where the moth
pest was excluded the rots could continue their destruction. Two
lots of 5,000 lb. each were kept under observation. One was fumigated
and the other unfumigated, and both were kept in two separate rooms
well ventilated and cool. Forty-five per cent, of the potatoes were
recovered from the fumigated lot while all the potatoes in the unfumi-
gated lot were lost by rots within a period of three months. This experi-

ment showed conclusively that the presence of moths and their larvse

in the potatoes helped the destruction to a very large extent.

Continued trials have shown that the control of the moth is a com-
paratively easy task if only the various forms of rots could be eliminated.

The larvae of the moth do not destroy the potato except shghtly for

seed purposes. It might shrink a httle more than when it is kept
free from its infection. Only a few eyes will be injured out of the many
that the potato possesses capable of sprouting. No cultivator utilizes

rotten or even half-rotten potatoes for seed. But he has no objection
to utihze wormy ones for seed and actual counts from a number of fields

during the planting season have shown that on an average no more than
10 per cent, of the setts have had their eyes injured by the larvae.

Further observations of the heaps during the period of storage show
that the temperature is also a controlling factor which must be taken
into account.

Serial No.
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the loss by rots and this may possibly be accounted for by the higher

temperature generated in the depths of the heaps. Ventilation of the

heaps must be secured to prevent the rise of temperature so as not to

give rots the conditions most favourable for their development.

Out of the 'five different kinds of rots which have up to this time

been discovered in the Bombay potatoes two deserve special attention

in connection with this storage. The bacterial rot which is the more

important of the two is universally found in practically all potato-growing

tracts of Bombay. The next, though a less important one, is the dry

Fusarium rot. If these two rots are present in any degree in the har-

vested potatoes the presence of the larvae of the moth increases the rate

of rotting, affording as they do the ready means by which the Spores of

the two rots effect an entrance into the otherwise healthy potatoes.

The larger the number of generations the moth passes through in a

potato godown the greater the danger to the heaps. These rots are-

known to be saprophytic in nature and the infection is carried from the

soil along with the harvested potatoes. Any form of external injury

either by the larvae or by other mechanical injuries sustained by the

potatoes in their handling during their harvest or subsequent to harvest,

exposes the tubers to infection. To control the rots, which are therefore

the primary causes of destruction, the moth must first be prevented

from breeding in the potatoes intended for storage.

It is also true that under the conditions obtaining in the present

methods of storage in heaps, very often as deep as 3| feet, the moisture

given up by the potatoes in the natural process of drying coupled with

the high temperature particularly at the bottoms of the heaps favours

the spread of the bacterial rot and to a less extent of Fusarium rot.

If the temperature of the room rises to 86°F. or anything above this,

the destruction of the heaps is only a matter of days and not of weeks.

The preservation of the potatoes means therefore the control of the

following four factors :

—

(1) Thorough fumigation to kill the moth larvae.

(2) Prevention of injury to the skin of the potatoes incidental to

frequent handling.

(3) Thorough selection before Storage so as to exclude injured

and rotting potatoes and also those which show definite

signs of rots.

(4) Ventilation of the potatoes to reduce the temperature.

1. Fumigation of the Potatoes.—It is unnecessary for the present

purposes of the paper to go into the detailed Hfe-history of this moth.
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Suffice it to know that the potatoes are attacked in the field—leaf, stem
and tubers alike. In years when the monsoon fails or there are long

breaks the cracks in the soil allow the larva? access to the tubers below.

The potatoes in the soil are much less attacked if the rainfall is even
and well distributed. Irrigated potatoes escape being attacked in the

field on account of the soil receiving regular and timely watering which
keeps the soil from cracking. The source of infection may also be from
green potatoe.'! which get exposed in the field and so get unwittingly

mixed with the sound tubers that go to the store. The moth is known
to breed in much the same way as stored grain pests breed in the granary.

The larvse inside the potatoes cannot be killed by any amount of dipping

and laboratory experiments show that moths hatch out from such
potatoes even by using double the ordinary strength of lead arsenate.

Crude-oil emulsion and copper Sulphate are equally ineffective for the

purpose. Eepeated trials with crude-oil emulsion in Bombay have
resulted in failures. Experiments of dipping in crude-oil emulsion

carried out in Bengal have proved the uselessness of this method. The
Central Provinces' experience at Chindwara and Saugor are not reas-

suring ; fifty to seventy-five per cent, were found destroyed even al-

though the potatoes Avere carefully selected before storage. Experi-

ments by F. Stoward, D.Sc, Government Botanist, Western AustraHa,

show that formalin, mercuric chloride and copper Sulphate have had
no effect on the larvae even after six hours of dipping. The eggs and
pupae are more refractory and they are not killed without destroyin^^

the germination of the potatoes also. He is positive when he affirms

that the dipping is harmful to the germination if continued suffi-

ciently long to kill the live forms of the moth. Dipping in water
killed the larvae by exclusion of air to the galleries in which the larvae

live.

Fumigation by carbon bisulphide was first tried and gave excellent

results. It kills the larvae and pupae but has no action against the

eggs, unless they are exposed to the fumes for 48 hours or longer. Future
generations can be prevented from breeding in the potatoes if they are

fumigated before the first generation of moths have had the chance of

laying their eggs. Experiments with other compounds which evaporate

easily have shown that the fumes of benzine and petrol have a lethal

effect on the larvae and pupae nearly cjuite as much as carbon-bisulphide.

Benzine and carbon-bisulphide have to be discarded on account of their

being extremely costly and not easily available except in big cities and
towns. Petrol is better on account of its being available even in the

nearest taluqa places. During normal times petrol is available at one

lupee a gallon and there are no restrictions against its transport. ' From

VOL. II z
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experiments conducted at the College an exposure of 24 hours at the

rate of one pint to every 200 cubic feet of space is found sufficient to

kill the larvae and 90 per cent, of the pupae.

2. Prevention of Injury to the skin of the Potato. To protect the

potatoes from superficial injuries it is found extremely necessary to

desist from handling them until their skin gets hardened. Two weeks

must elapse after their harvest before any attempt is made to fumigate

them, as this necessarily entails rough handling. It is again possible

by waiting two weeks to discard the potatoes which develop signs of

bacterial and Fusarium rots already noted. Once the potatoes are

fumigated they are carefully selected to remove the rotting and injured

ones. If this selection is thorough and if it is made by one who under-

stands the signs of rots the potatoes may be kept for four months or

more without any danger of rotting and this obviates all further necessity

of repeated selections.

3. Thorough selection before Storage. Bacterial rots can be avoided

to a large extent if the potatoes are examined carefully before storage.

The blackening of the eye should always be taken with distrust. Blister-

like swellings just under the skin is an evidence which cannot fail to

attract attention. They are bound to rot the earliest. Small pinhole-

like, black depressions are also signs which ultimately develop into the

wet rot and must therefore be looked for. Fusarium dry rot can also

be identified by concentric depressions on the surface and these are

very often found beginning at the stock end of the potato. They may
also be found in the eyes or other parts. This rigid selection means

the examination of every potato and it has been found that no more

than five hundred pounds of potatoes are capable of being selected in

one day of eight working hours by one man. Insect-attacked potatoes

need not be rejected because of the insects, but if they show any of the

two rots they should be discarded.

4. Experiments conducted to determine various methods of sub-

sequent treatment in store have shown that if the potatoes are kept

in gunny bags, they remain perfectly sound and that this prevents further

infection from moth attack even although there may be moths freely

moving about in the godoivn. The godown should have as far as possible

thick walls and a high roof, so as to secure a cool atmosphere round

about the bags. The windows should be opposite to each other to

establish free circulation of wind in between the bags. If these

precautions are taken and if the bags are not kept one above the other

the rots are diminished to the extent that it does not require any further

selection for at least three months.
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The following figures show that at a cost of Ks. 5-11-0 per ton it is

possible to preserve the potatoes in large quantities :

—

Serial No.
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methods at present in vogue with him he will realize on the 50 per cent.

left about Ks. 90 and this leaves only a small margin of Rs. 30 on the

assumption that he does not spend anything on preserving. Fumiga-

tion methods may bring him Rs. 45 a ton more than by following his

own methods.

Mr. Ramakrisbna
Ayyar.

Mr. Ramrao.

Mr. Ghosh.
Mr. Ramrao.

Mr. Ramkrishna
Ayyar.

Mr. Ramrao.
Mr. Robertson-

Brown.

Mr. Ramrao.

Mr. Ghosh.

Mr. Ramrao.

Mr. Fletcher.

Mr. H. L. Dutt.

Can you get the people to fumigate ?
'

Fumigation is done in a cemented chamber and the people have also

built such chambers. Each costs from 200 to 222 rupees and is all made

of cement, with an iron lid. Of course, it is all done on the co-operative

system.

Did you try storage under sand ?

We did try. It was e£&cacious against moth but there was more

rot.

How do you use the petrol ?

It is poured onto cotton placed in trays at the top of the bags.

In England the practice is to dig the potatoes early and then to

harden them in the sun and then they are stored in a pit. They escape

decay to a great extent. I think that storage in trays is also very good
;

in trays they do not sprout but remain green. We have no Potato Moth

in Peshawar.

I do not know if the moth is present in England and whether they

suffer from the rots we complain of.

We find that mature tubers keep well [under sand] and therefore

they should be dug late.

That means that the later you dig, the longer the tubers remain in

the ground, and the more liable they are to get some disease from the

soil.

Mr. Dutt, have you anything to say ? Have you found any parasite

on the Potato Moth ?

No ; I have nothing to add. We have found no parasite on the

moth.

41.—BEE-KEEPING IN INDIA.

Bij C. C. Ghosh, B.A., Assistant to the Imperial Entomologist.

The Usefulness of the Honey-bee.

The honey-bees yield the two very useful products, viz., honey and

beeswax. Probably they do more good to agriculture and to plants

generally as pollenizing or rather cross-fertilizing agents than as pro-

ducers of these two substances, although their usefulness in this direction
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cannot ordinarily be measured by maimds and seers or valued by rupees

and annas. There are plants which do not produce any fruit if their

flowers are not visited by bees.

The Natural Histwy of the Honey-bee.

The natural history of the honey-bee is a very fascinating study.

Here reference is made to only so much of it as will enable one to under-

stand the drift of this paper.

The bee-colony is made up of the mother-bee called the " queen,"

a large number of working bees called " workers " and some male bees

called " drones." There is a complete differentiation of the work to

be performed by the different members. The queen-bee lays eggs from

which all bees in the colony develop. She lives for about three years.

The workers do all kinds of work, such as building combs, collecting

honey and pollen, rearing the brood and every other work necessary

for the well-being of the colony. Therefore, the greater the number
of workers, the better is the condition of the colony. There may be

fifty or sixty thousand of them in a colony, or even more. They
however do not live for more than about three to six months.

Therek)re, in order that the colony may go on, it is necessary for

new workers to be born to replace those which die. The queen lays

a number of eggs every day and new workers are reared and born

every day in the colony. In the daily economy of the bee-hive the

drone has no function. In order that the number of bee colonies

may increase, nature has provided the bees with instincts which lead

the reigning queen to leave the colony at a particular time in the year

with about half the number of bees in it and establish a new colony

elsewhere. This is called swarming. Before swarming takes place,

new queens are reared and are born just after the departure of the

old queen with the swarm. The services of the drone are required

at this time to fertilize the new queen. The mating of the queen

with the drone takes place in the air. The young queen flies out of

the hive during the middle of the day for the purpose. A fertilized

queen can perform the function required of her in the colony. An
unfertilized queen cannot.

In a normal colony there must be a queen and a large body of workers.

New colonies can be started with a queen and a few thousand workers.

In this manner several colonies can be formed out of one. Old cclonies

can be carried on for years if they can be provided with new queens

when the old queens die or lose vitality. If colonies are re-queened
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every three years tliey remain in vigour. In nature colonies requeen

themselves at the time of swarming or before old queens die.

In countries where bee-keeping is an established industry there are

bee-keepers who make it a profession to rear queens, get them fertilized

and sell them to those who want new queens to re-queen their colonies.

The Indigenous Honey-bees of India.

In India three kinds of true honey-bees occur. One is the Rock

Bee {A'pis dorsata), colonies of which build huge single combs, sometimes

about 4 or 5 feet in diameter, in open places, on the faces of rocks, on

branches of large trees in forests and other localities and sometimes on

walls of buildings. Wild tribes or professional honey-gatherers collect

their combs, after first of all burning or smoking away the bees. Each

comb yields a large quantity of honey (it is said up to about 40 lb.)

and wax (up to about 2| lb.). (Plate 125.)

The second is the Indian Bee {A'pis indica), colonies of which occupy

and build combs in cavities in tree trunks and walls and also in unused

boxes. They build several parallel combs side by side and always hve

in closed covered situations. These are the bees which are kept in the

Hill Stations and are capable of being kept in the Plains too.

The third is the Little Bee {Apis florea), colonies of which build

small single combs in open situations like the Rock Bee, in bushes, under

eaves of huts and cornices of buildings, behind doors and windows,

in fuel stacks and in various similar situations. The combs are usually

small and yield only a few ounces of honey.

Of all these indigenous honey-bees, practically speaking, only the

first two, viz., the Rock Bee and the Indian Bee, produce the whole of

the honey and beeswax obtainable in India. Of these two again only

the Indian Bee, Apis indica, is capable of being kept in hives under

domestication.

Bee-keeping as an Industry.

Beekeeping as an industry is carried on principally for honey, bees-

wax being obtained as a by-product. Let us first of all consider whether

it will pay to undertake bee-keeping to produce honey in India.

Uses' oj Honey in India and how it is obtained.

In India honey forms one of the necessary articles required in most

religious ceremonies. Everj^here a httle honey is placed in the mouth
of the infant at birth. This is considered as a purificatory ceremony,

the real usefulness probably being to clear the throat. Honey forms

the basis for many preparations and is an important vehicle for almost
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«,11 kinds of medicines in Ayurvedic and Unani materia medica. It is

very mucli prized for various medicinal properties of its own. For

constipation and colds of suckling infants it is used extensively with

good results and is also considered very eJ0&caciouS against coughs

and colds of children generally. For these domestic and sacred uses

every family makes it a point always to keep a small stock of this

substance. Besides its compulsory use for theSe purposes, as it is con-

sidered to be a very good blood-purifier, when available, Some persons

sip a little honey every day. A regular use of it is considered to make
the system proof against fever and many other ailments. Where pro-

curable it is of course highly appreciated as food. It is used in making
" Gulkand " or " preserve of rose flowers," in preserving fruits, and for

making cakes, sweetmeats, etc., which are intended to keep for some time.

In some places vinegar and an alcoholic drink are said to be prepared

from it.

Among Europeans honey is used principally as a luxury, being eaten

directly with bread or biscuit. It is used by bakers and confectioners on

account of its keeping qualities in manufacturing their choicest articles

euch as honey-gums and various kinds of honey-cakes. It is also used

for medicinal purposes in many cough cures and salves and gargles.

The food value of honey lies in its being already digested (in the

stomach of the bees) to the extent required for prompt assimilation

without taxing the stomach. Cane-sugar cannot be assimilated until

changed into grape-sugar by digestion. When sugar is excessively

used the stomach Sometimes fails to bring about this digestion, the result

lacing sour stomach. The opinion of experts is that this undigested

sugar will be removed by the kidneys and it may result in their break-

down, giving rise to what is known as Bright's Disease. Many people

who cannot eat sugar, being unable to digest it, can easily digest honey.

As just explained honey is extensively used in India — not usually

in large quantities by individual consumers but in small lots by practically

every household. The total must be a very large quantity although

it is not possible to arrive at any guess which will be near the mark.

It is certain that a large quantity of honey is imported into this

country although there is no record available about this too. The
imported honey, however, is not largely used by the Indian consumers.

Enormous quantities of honey are produced in India by the indigenous

bees. It is not possible to make an estimate, but the amount will certainly

be several milhon pounds. The defect of this honey is that those who
gather it do not know how to take it out from the bees' combs in a

pure condition. It therefore ferments soon after being gathered and is

jeduced to the condition of thin jaggenj [molasses]. As it does not keep



774 PEOCEEDINGS OF THE THIRD EXTOMOLOGICAL MEETING

long, in the honey season it is obtainable veiy cheap, being in many places

hawked about and sold at the rate of about eight lb. or even more per

rupee.

Besides the hawkers there are dealers m almost all towns who stock

large quantities of this thin fermented honey, not for export, but for

meeting the demand in the country. The dealers in Calcutta alone sell

every year about sixty to seventy thousand pounds of such honey,

gathered principally from the combs of the Rock Bee in the Sundarbans.

The entire quantity finds its way to the village grocers' shops for retail

sale. When good honey is available people are willing to pay and actually

pay a very high price. The granulated honey produced in the Hills

usually sells at the place of production at the rate of eight to ten amias

per pound. The honey produced at the Darjiling Jail sells at the high

price of a rupee per pound, because it is guaranteed by the Jail authorities

as pure and untouched by hand. The imported honey usually sells at a

rupee per pound, although the imported stuff cannot always be taken

as pure honey.

Prospects of Bee-keeping in India.

Although the quantity of honey produced by the indigenous bees under

existing conditions is considerable, it probably represents but a small

proportion of what is secreted by the plants and is possible to be gathered

but is wasted because there are not enough and proper bees to gather

it. The bee-keeping experiments at Pusa have forcibly demonstrated

this. The neighbourhood of Pusa is not apparently very rich in

honey, as one would infer from the behaviour of the Indian Bee
{Apis indica), colonies which never produce more than about six

pounds of honey on the average. The maximum quantity yielded by a

very large colony worked with very great care was sixteen pounds.

But it has been found by keeping Italian Bees that the quantity of

honey the locahty is capable of yielding is very great.

One year the indigenous bees were allowed to work in the locahty

and gather honey as they do every year and the approximate number
of their colonies would be at least about 500, viz., about 200 colonies of

the Indian Bee {Apis indica) and about 300 colonies of the Little Bee

{Apisflorea). In addition to what they gathered, two out of three Itahan

colonies, although worked under certain drawbacks, yielded a surplus

of 90 lb. each and the third colony yielded 60 lb. It seemed that if

there had been several more colonies they would have gathered similar

quantities. Similarly high yields were obtained from the Itahan colonies

every year during the period they were kept at Pusa. It is probable

that every place in the Plains in India, except probably the desert tracts,
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will prove to be rich in honey. Of the richness in this commodity of

all the Hill Stations there cannot be any doubt. Eai Bahadur B. C. Basu,

late Deputy Director of Agriculture, Assam, has recorded a yield of

20 to 30 lb. from colonies of the Indian Bee {Apis indica) at Shillong.

In Hazara, the yield of the same bee is said to be as much as 40 lb. per

colony. In India no record is available of the places where large quan-

tities of honey are produced. However, the localities from which the

beeswax of the trade (of the annual value of about seven Jahhs of rupees)

is obtained, will give an almost exact idea in this respect. Supplies

of Indian Beeswax are chiefly drawn from the following places in the

different provinces.*

Bengal.—Sundarbans, Chittagong and Darjiling.

Bihar and Orissa.—Sambalpur, Chota Nagpur and Purnea.

Assam.—Khasi Hills.

The United Provinces.—Eastern Dun Forests and Khari.

The Central Provinces.—Betul, Chanda, Chhindwara, Damoh, Ho-

shangabad, Jabbalpur, Mandla, Nimar, Raipur and Wardha.

The Punjab.—Bashahr, Chamba, Hazara, Jhelum, Kangra, Kulu

and Simla.

Bombay.—Khandesh (Satpura Ranges, etc.) and the Deccan.

Berar—ElUchpur, Mangrul, Melghat and Wum.
Madras.—Bellary, Coimbatore, Cuddapah, Ganjam, Godavari,

Kistna, Kurnul, Madura, Malabar, Nellore, Nilgiris, North

Arcot, South Kanara, Trichinopoly and Vizagapatam.

Burma.—Bhamo, Chindwin, Katha, Mandalay, Minbu, Pyinmana

and Tenasserim.

All of these locaHties are suitable for bee-keeping and some of them

will be found to give large yields of honey. At Pusa the Italian colonies

yielded up to 90 lb. Places like Shillong and Hazara will probably

yield double this quantity. In Australia in the Basswood forests a

yield of 200 lb. per colony is said to be common. Similar yields can be

expected in many places in India.

Besides, in India there is a special advantage by which the yield

of honey can almost be doubled. In the Hills the principal honey flow

s in autumn, in October-November, and in the Plains it is in spring, in

March-April. Therefore the bees can be made to gather honey in autumn

in the Hills and brought down to the Plains in the spring.

We thus see that bee-keeping m India has a bright prospect before

it. There are rich resources of honey and there is a ready market.

Profitable bee-keeping will not however be possible until we succeed

* Indian Trade Journal, Vol. XVII, No. 212 (1910).
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in introducing and establishing in this country the Italian Bee or a

bee of similar quahty. Of the indigenous bees, the domesticable Indian

Bee is a poor honey-gatherer, is extremely prone to swarming and is

unable to protect its hive against the Wax-moth. When the Wax-

moth infests a hive, the combs are eaten by the caterpillars and the

bees are compelled to run away. The honey-gathering quality of the

Italian Bee has already been referred to above and it has been found

by actual experiments at Pusa to be able to resist the Wax-moth. To

import each colony of the Italian Bee costs about Rs. 100. Importa-

tion of colonies on a large scale by intending bee-keepers will therefore

not be possible and is not desirable unless through an agency which

can check the introduction of diseases. Arrangements have to be made

so that colonies may be available at a small cost, say Rs. 10 or 15. For

this purpose an apiary with imported colonies should be established in a

Suitable locality. The colonies can be multiphed and the new colonies

which are obtained can be sold to the public. Numerous inquiries

are received from the public regarding bee-keeping. If a good honey-

gathering bee like the Italian bee can be rendered available in India

at a small cost, bee-keeping is expected to make very rapid progress.

In advanced countries various attempts are made to popularize

bee-keeping, by teaching apiculture in Agricultural schools and colleges,

by distributing popular leaflets, by sending out itinerant lecturers, by

holding apicultural shows and through journals and papers devoted to

the subject of bee-keeping. In order to contend successfully against

bee-diseases (none of which is at present noticeable in India) there are

in most countries State agencies backed by acts and regulations. In

AustraHa, in order to provide an outlet for the large quantities of honey

produced there. Government has instituted a Co-operative Union in

which farmers have shares.

To make a beginning in bee-keeping in this country some persons

from different parts may be asked to keep a few colonies after giving

them a preliminary instruction at the apiary. Such men will always

be forthcoming. They will pay for their appliances as well as for the

bees. In this manner the knowledge of modern bee-keeping can be

spread without any Government agency.

A small apiary of the kind suggested here was established at Pusa

with Italian Bees and worked from 1910 to 1913. At no period of this

experiment were more than three colonies available for work and as it

was intended first of all to test the yield of honey, there were not sufficient

opportunities for multiplying the colonies. As explained above, new

colonies can be formed out of existing ones by separating a number of

workers with a new fertilized queen. Such a newly-formed small colony
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is known as a nucleus. Formation of nucleus hives is possible when

the colonies become strong in the season of honey flow, which coincides

with the hot weather at Pusa in March-April. For nucleus hives the

first necessity is a fertilized queen. During the experiment at Pusa

46 attempts were made to form nucleus hives. In 38 cases, viz., ZA

between January and May and 4 between August and October, the

queens had full opportunities of fertilization but only three of them

could mate and come back to the hive, one being in March, one in August

and one in October. The loss of so many queens was due to unfavour-

able climatic conditions principally. The scorching heat and high

West winds prevailing during the middle of the day, when the cjueens

went out on their nuptial flight, killed most of them. They did not

come back to the hives. Predaceous birds might have snapped up a few

but birds are not probably very important. In the hot weather only

one queen out of 34 succeeded in mating and returning to the hive,

whUe in autumn two out of four were successful. In autumn however,

the honey-flow is very poor at Pusa and queen-rearing operations on a

large scale are not possible. All of the three queens reared and fertilized

at Pusa were descended from the same mother and mated with the drones

of the same colony. Probably on account of inbreeding and, it may be,

the enervating influences of the climate, none of them remained prolific

for more than a year. But the imported queens remained so for the

full periods recorded in other countries. Attempts at importing queens

by post from England were not successful. Pusa has proved to be very

unsuitable for apicultural operations of the kind necessary for establish-

ing the bee-keeping industry in India. No place in the Plains will

probably be suitable. The writer has visited the Hill Stations at Shillong,

Darjiling and Naini Tal and to him Shillong seems to be very

favourable. An apiary with at least twenty colonies should be started

at Shillong, where multiplication of colonies and also rearing of queens

for sale can be carried on, both in October-November and in the spring.

For imparting instruction to the public an additional apiary in some

easily accessible place in the Plains will be necessary later on.

Beeswax.

Beeswax is obtained by melting the honey-combs. The large combs

of the Rock Bee and to a less extent the combs of the Indian Bee are

the sources of beeswax in India which has an yearly export trade in

this substance of the value of about seven lakhs of rupees. The wax is

gathered from the bees by hill and wild tribes and other professional

gatherers. The Forest Department leases out the right to collect the
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wild combs every year. The small lots of wax are collected from the

producers by local agents of firms in big centres like Calcutta. These

firms make over the wax to dealers who export the major portion to

foreign countries and sell the remainder to meet the demand in the

country. The wax trade is almost entirely in the hands of Indians

who are mostly the enterprising Marwaris. The export to foreign

countries goes through European firms.

The Indian beeswax has acquired a bad reputation for adulteration

which can however be prevented. It is not intended to go into thi

question in this paper.

Improvements are possible in the method of extracting the wax
from the combs. A sample extracted according to improved methods

was valued in the Calcutta market at Ks. 85 per inaund of 82 lb. in

1911, while the best wax extracted according to current methods was

selling at Rs. 80.

The supply of beeswax from India will increase with the establish-

ment and progress of bee-keeping as a regular industry. No data are

available in India to prove this, but a reasonable inference can be made
from experience in other countries. The following figures are available

to the \^Titer just at present. In 1850 the production of honey and

wax in the United States of America was together about 14,800,000 lb.

Improved methods in bee-keeping were introduced there in 1853. In

1860 the amount of honey produced was 23,400,000 lb. and that of

wax was 1,330,000 lb. In 1900, the amount of honey was 61,200,000

lb. and that of wax was 1,800,000 lb.

Immediate Im])rove7nen(s.

Leaving aside the question of the prospective industry, an immediate

improvement in the existing conditions can be effected by the introduc-

tion of proper methods in extracting the honey from the wild combs.

At present the honey produced in India is not fit to be used as a market-

able article. As it does not keep long, it is consumed principally in

the localities where it is produced. It can be extracted in a pure condi-

tion by the use of " honey extractors " and stocked in vessels, such as

properly closed bottles and tins, which will prevent it from absorbing

moisture. Then it will not ferment and will fetch its proper price. In

this manner several million pounds of a very desirable and highly prized

substitute for sugar can be rendered available to the people at large.

Mr. Ghosh has said that we could not get the queen-bees fertilized

at Pusp, chiefly on account of the climatic conditions, but I believe this

was rather due to the part played by the Bee-eaters.
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As regards obtaining better boney-yielders, we must be on our guard

in introducing bees from other countries. Most countries outside of

India have some bee-disease, and we run at present considerable risk of

getting these diseases brought into India by the importation of bees by
well-meaning but irresponsible people. I myself know of one case of a

man who was keeping bees at Ootacamund and who introduced a colony

from abroad. On arrival of the colony he found that it was affected

with Foul Brood and, realizing the danger, he burnt the whole lot. But
how many people v^^ho might send for bees from abroad would do that ?

How many would have the knowledge to recognize that the bees were

diseased or the public spirit to destroy them ? In England of late

years the whole of the South of England has suffered very badly from

Isle of Wight Disease, so much so, that I believe that there has been

-considerable failure in orchards owing to the want of bees to pollinate

the flowers. In a country like India, where we have wild honey bees

-of one or more kinds in every district, a disease, once introduced, would

be impossible to deal with. In this connection I think we shall have to

consider whether it is not necessary to impose some restrictions on the

importation of bees into India. At the time when the Pest Act was

under consideration I suggested this, but it was considered that the

Act could not be made applicable to bees as they could not be regarded

as crops. So we must apparently have another Act to deal specifically

with bees and bee-products. In South Africa there are restrictions on

the importation of bees and bees-wax. We in India receive honey

and probably also wax from Australia and California. Of course, honey

does not carry disease unless it comes from infected colonies and is

actually eaten by bees.

In Egypt the importation of bees is only permitted by license and it Dr. Gougb.

is not our intention to get bees from countries where there is disease.

Importation from England is not permitted and from Italy only the

queens can be imported. Our bee-keeping is conducted principally with

Apis fasciata, which is a native Egyptian species, smaller than the Euro-

pean bee. It is not a good honey-producer but, when crossed with the

Italian bee, gives a very good yield, anything about 60 lb. a year. In

the Orient bees suffer from a wasp. To counteract this they produce

a large number of queens. The Egyptian bee produces an enormous

number, and as many as 365 queens have been taken from one swarm.

In Europe six queens, produced by Italian bees, are considered a large

number.

When Egyptian bees swarm the first queen goes with the first swarm.

This swarm is never large. In the second swarm we get a large number

of queens. I have taken as many as 40 unfertilized queens. I remove
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all except two and so get a fair chance of fertilization. The large

number of queens is with a view to accommodate themselves against the

attack of birds and wasps. In my opinion an Egyptian hybrid would

suit India.

Egyptian bees have another peculiar habit. In honey-bees all the

drones are usually slaughtered after the swarming period, but the

Egyptian bee keeps the drones right up to the breeding period in the

next year. This is a precaution against the loss of the queen by hornet

attacks.

In Egypt bees hibernate from September to December. It is then

quite warm with us and we have plenty of flowers for them, but the

bees go into hibernation on account of the attacks of Vespa orientalis.

From September onwards this wasp waits in front of the bee-hive and

pounces on any bee that comes out. The bees change their daily flight

as the result of these attacks. This flight that they make for cleansing

purposes takes place at^ first about midday and it is postponed and

postponed till the bees come out after sundown.

The Wax-moth is our other trouble ; it is one of the two great troubles

we have in Egypt. It should not occur if the colonies are strong and

there is sufficient room for the bees to be able to get about under and

above the combs.

Bee keeping is the most important minor industry in Egypt. We
have ten thousand apiaries producing an income of £200,000.

Vespa orientalis is probably responsible for the destruction of a

half of the colonies. Large sums are spent in catching hornets in front

of the hives. I have now invented a trap which is placed in front of

the bee-hive with a bait of dates ; the bees can get in and out of it

and the hornets can get in but cannot get out.

This year we hope to obtain a credit for Apiary work and we

intend starting apiaries in schools. Formerly we used to finance apiary

work out of our Experimental Credit.

What is this Experimental Credit ?

It is difi&cult to estimate in advance the money to be spent on experi-

mental work during the year and we have a system by which a certain

sum is allotted to us, not split up into subheads, for labour, purchases, etc.

Our Experimental Credit up to last year was £1,000. Research cannot

be carried out to a successful issue without experiments and one cannot

carry out experiments without Experimental Credit.

How do you kill hornets ?

We mark down the nest and pour down carbon bisulphide. The

hornets come to the bee-hive along a regular road ; they make a straight
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line from their nests and we have thus discovered a large number of

nests and destroyed them. The nests are built in old walls, nulla banks,

and vertically down in the desert. The distance that Ves'pa will fly to

attack a hive has been found to be as much as five miles in a straight

line. Vespa makes its nests in a hollow in the wall and the nest projects

out. The best way to find it is to look at the foot of the wall and, if

you come across a small heap of stones about 1 cm. in diameter, then

look above it and you will find a hornet's nest.

Anything done to improve the bees at Pusa ?
Mr^Ramakrishna

We have been trying. But, as I have already said, the greatest yield ^^- Ghosh,

we have had is 16 lb. and that too from a colony of Afis indica which
received about three times the care bestowed on the Italian bees here.

It will be useful to introduce the Egyptian bastard or the pure ^^' Gough.

Egyptian bee and cross it with the Italian bees. I can guarantee that

it is free from disease, and you get a good quantity of honey.

Probably there would be increase in yield if we had a cross between Mr. Ramakrishna
the Egyptian bee and the Indian. Ayyar.

The Egyptian bastard or Egyptian pure honey-bee gives quite a Dr. Gough.

good yield.

Father Newton has done some work on the Indian bee {A'pis indica) Mr. Ramakrishna

and he has no idea of importing bees from outside. Apis indica can^^^*^*

be trained to work better.

He inquired from us lately as to where he could get good bees from Mr. Fletcher,

outside of India.

If you read his article you will find that his yield is the same as mine Mr. Ghosh,

and he is not so hopeful as you think.

The Cyprian bee does as well as the Italian. It produces forty to Dr. Gough.

fifty queens and so there is a chance of getting a fertilized queen.

We require smaller frames for the Indian than for the European Mr. Kunhi

bee.
Kannan.

Our bees work on the European foundations and that is an Dr. Gough.

advantage.

We have our own machine and can make our own foundation-comb Mr. Fletcher,

to suit Apis indica.

Apis i7idica also produces many queens, about thirty. Unless we Mr. Ghosh,

import colonies by Government agency we cannot do anything. It

shouM be remembered that, unless this is done by Government,
which can check the introduction of disease, d'seases are sure to be
introduced one day by private people.

It is dangerous to introduce honeybees or honey-food and it is Dr* Gough.

particular'y dangerous to feed bees on imported honey owing to the

risk of introduction of bee-diseases.
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Ml. Fletcher.

Besoiution 2.

Mr. Ghosh.

Dr. Gough.

I think we might have a Resolution to that effect. I therefore

propose the following Resolution :

—

" This Meeting considers that there is considerable danger of the

introduction into India of bee-disaases by the unrestricted importation

oi bees, beeswax and honey from countries infected with such diseases,

and that such importation should therefore only be permitted under

necessary restrictions."

I second that Resolution.

[The Resolution ivas therewpon put to the Meeting and carried unani-

mously.']

As to the loss due to the attacks of Wax-moth, my idea is that the

Wax-moth attacks when the colony gets weak ; when you have a

really strong colony, the Wax-moth larvee will never feel happy

inside the combs. So keep your colony numerically strong. It is always

useful to keep one inch space between the bottom of the hive -and the

lower bar of the comb, so that the bees have enough space to go under.

At the bottom of the hive-box there is always some debris accumulated

in which the Wax-moth caterpillars are sometimes found to live and

thrive ; if the lower bar of the comb be very near the bottom of the

box, the caterpillars will crawl up and attack the comb.

42.—LAC-CULTURE IN INDIA.

Bij C. S. MiSRA, B.A., First Assistant to the Imperial Entomologist.

From ancient history it is known that lac has befen cultivated in

India since very remote times. The very name of Palas {Butea frondosa)

Laksha-taru, shows that the ancient people of India knew the tree to

-nourish & Laksha— one hundred thousand insects. From ancient litera-

ture it is also evident that the Rishis of India prohibited the use of such

Laksha-taru twigs as had small scarlet excrescences on them—possibly

the lac encrustations. In the Mahabharat in the Adi-Parva when the

Kauravas meditated destruction of the Pandavas they requisitioned

the services of the architect Purochak to construct such a house which

would destroy them. Purochak, therefore, decided to build a house

of Lac which when once ignited would soon catch fire and prevent the

Pandavas from escaping. Early in 250 A.D., ^lian mentioned that

there was an insect in India which yielded colouring matter. We also

find Lac mentioned in Ain-i-akbari. In 1590 Akbar, the Great Moghal

Emperor, laid down rules for the proper making of varnish to be applied

to the doors of palaces. We have the first descriptive account of the

resin from John Huyglen von Linachoten when he was deputed in
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1596, by the King of Portugal, on a scientific mission to the East Indies.

Abu Hanifa also mentions it and recommends its use as a medicinal

thing. In 1781 Dr. Kerr in the Philosophical Transactions, Vol. LXX,
p. 574, was the first to describe the lac insect. Nine years later in 1790

Dr. Roxburgh in the Asiatic Researches, Vol. II, pp. 360-366, gave a

detailed account of the life-history of the lac insect. Ten years later

Dr. Buchanan-Hamilton was the first to publish a detailed account of

the propagation and cultivation of lac in India, and three decades after

Dr. Carter in 1861 gave an account of the internal anatomy of the insect

and this account was reproduced by Mr. J. E. O'Conor in his Note on

Lac Production, Manufacture and Trade.. Of late a large amount of

literature has appeared, but this relates to lac either grown or collected

in the forests. There is very little comprehensive information regarding

'the industry as pursued in the Plains of India and from what I have

seen there are reasons to believe that this aspect of the industry is very

widespread in the Plains and provides means of subsistence to thousands^

if not millions, of the poor illiterate masses—especially the aborigines

who inhabit the outskirts of forests or the interior of districts where

the host-plants of the lac insect abound. The information regarding

cultivation in the Plains lies scattered in the District Gazetteers or the

Revenue Reports which are practically inaccessible to the public. But

for all this, the industry is very important to an agricultural country

like India, where, I know from personal observations, it forms an import-

ant adjunct to agriculture and as such helps the cultivators in such

areas to tide over financial stress at a time when rates are low and cli-

matic conditions are against them in disposing of their produce in the

market. That the cultivation is widespread and important is evident

from the export figures of shellac from the Port of Calcutta alone. As
I have already pointed out in my article on " The Present Condition of

Lac Cultivation in the Plains of hidia " [Acjri. Jour. India, Vol. XIII,

Part III, July 1918) the exports of shellac from the port of Calcutta

only have been as follows during the past twelve years :^

Years
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Years
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industry lias been reduced to now-a-days. What and in what direction

this vitality has lain is known to those who have paid any attention to

the industry for some time. The e are years of depression as well as

inflation, but with all this the industry has existed and is likely to exist

for some time to come. Whether this will continue for ever only futurity

can decide. But I am sanguine, if proper measures will be taken to

safeguard the industry even so late as now, the possibility of the distur-

bing factors operating early will at least be avoided or indefinitely

postponed. The industry has of late assumed a very precarious aspect.

Hundreds are benefitted suddenly, whilst equal numbers, if not more,

are more or less affected adversely annually. So great is the element of

uncertainty that few dare to risk their money either in cultivation or

in manufacture, and the fact is borne out by the low prices prior to the

breaking out of the present war wlten the minimum of Rs. 32 per maund
•of shellac was touched. During the great war fresh uses were found

for the commodity and prices rose by leaps and bounds, so much so,

that the maximum of Rs. 135 per maund was touched for a few days.

'There was a general scramble ; the cultivator as well as the manufac-

turer, was anxious to make the most of the temporary swell in prices.

The former v/ent hunting every nook and corner of the lac-producing

areas and, I am told, in particular lac-growing tracts so great was the

rush that even fairly large-sized trees were cut down for the sake of a

few seers of lac on them. But from what I have been able to gather,

the cultivator was not much better off than he was before. He got

:Some but not the amount commensurate with the labour and risks

risked by him. An instance of this I can cite from my own experience

while visiting the forests in Singbhum with the late Mr. Charles

Macdonald, who had taken a contract in those forests in 1908-1909. We
saw the Kols living in very remote corners of the inaccessible forests,

looking after a few kusunib trees on the banks of a nalla frequented by
all sorts of wild beasts. We saw a Kol guarding the trees right in the

iiiiddle of December with hardly any covering over his body, except a

miserable thatch constructed from twigs and grasses collected locally.

At the present time, as well as in the past, the middleman has benefitted

himself the most, doling out a miserable pittance to the all-important

cultivator who risks all, even his life, for the sake of a few see^s'oi crude

4ac on the trees. Hitherto the cultivation has been confined to India,

Burma and to some extent Indo-China, Annam and Cambodia. But
the majority of the world's demand is met with from India. Recently

attempts were either made or are being made to grow lac in Formosa

•by the Japanese on S. trijuga, a tree which grows in numbers there as a.

tshade tree to camphor trees, by the Germans at Amani in South-East

2a2
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Africa and to some extent in Egypt. That the industry is an important-

one in Indo-China (Tonlcin, etc.) is shown by the fact that a detailed

account of cultivation, refinement and manufacture of lac is given in

Bulletin Economique de L'Indo Chine, No. 116, November-December
1915, pp. 872-944. Here the methods of refinement are very much
like those adopted in this country, excepting that a wider use is made
of the essences obtained from the bye-products of lac. The writer in

the bulletin quoted above has summarized the industry in Tonkin and
has largely drami upon the Lac Bulletm issued by me in 1912. The
processes of refinement in that country appear to be the same as those

adopted in this country and it is rather strange to see that the methods
of manufacturing shellac adopted in that country are as antiquated as

those adopted in this country and seem to be a copy of those adopted

in this country from times remote.

Besides the lac produced in India, there is another kind of resin

produced in Madagascar by Gascardia madagascarensis, Targioni-

Tozzetti (Tar. Tozzetti, p. 425, 1894). This fact was first brought into

prominence by M. A. Gascard in 1893 (Contribution a Vetude des Gommes
Laques des Indes et de Madagascar, B^edit. Sci. Paris, also Bull. Soc.

Ent. Italy, Vol. XXVI, pp. 457-464, 1894). But the msect producing

this differs considerably from that producing lac in structural

details.

Lac was first sought after when the prices of cochmeal rose high.

As is known cochineal is used for dyeing silk and even now, when the-

prices of the colouring matter are very high, it is still used for giving

those delicate shades to silk which cannot be done with sjaithetic dyes..

In the begmning, lac met with the game fate as tea, where the decoction

was thro'RTi away and the boiled leaves were used for chewmg. In this

case the resm was not utihzed commercially and was considered a waste

product m much the same light as lac dye has come to be considered

now-a-days. From 1814 lac-dye began to be exported in increasing

quantities. The maximum was reached in the years 1822, 1824 and
1826 when 760,729 lb. were exported. The exports began to dechne

rapidly from 1882-1883 until it became i^ractically extinct in 1896-1897.

In 1900 the total quantity .of lac-dye exported was only a ton. Corre-

sponding to this decrease, the resin in the form of shellac has been rising

continuously. The jSgures for the twelve years 1905-1916 have been

already given above.

From those figures it will be seen that over 591,702 lb. of shellac-

worth 3.25,43,610 nq^ees were exported from the port of Calcutta only.

Had such figures been available for the other Indian ports, Bombay,
Madras and Karachi, it would be safe to reckon the total production'
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togetlier witli tlie internal consumption to be not less than 60 million

lb. of shellac. To produce this quantity of shellac, 160 to 170 million

pounds of crude lac must be produced yearly to meet the increasing

demand, and as fresh uses are being found every year there is every

likelihood of the consumption being increased. But with increased

consumption the prices are bound to rise and if these go beyond a certain

limit, as was the case with cochineal, the attention of the consumers
*
is bound to be attracted to ^ cKeap Substitute. I may here inform you

that the greatest danger in this direction was the German exploitation

of this old Indian Industry and everyone interei^ted in the Industry was

conscious of this possibility, just as has happened in another old Industry,

Indigo. But now that the great war is over and schemes are being

considered for development within the Empire, I am Sanguine, some

steps will be taken to resuscitate the industry on thorough scientific

and business principles, which will be both profitable to all the parties

concerned in the cultivation, production and consumption of the article.

Hitherto the lion's share of the profits has gone to the manufacturer and

the middlemen, factors which contribute very little to the resuscitation

of the industry and amelioration of the condition of the poor, illiterate

cultivators who, in some localities, risk their lives for the sake of a few

lb. of the crude material, and you would be perhaps astonished to hear

that whilst during the war the prices of a maund (82 lb.) of shellac

touched their highest watermark of Es. 135 per maund, the only visible

increase obtained by the cultivators in remote corners of regions producing

lac was only an increase of two to five annas only. Prior to the breaking

out of the great war, the prices had touched their lowest, i.e., Rs. 27 to

Es. 32 per maund and by the end of the war they had gone up as high

as Es. 135 a maund. With an improvement of about 500 per cent,

on the manufacturer's side the improvement on the cultivator's side

has been less than 50 per cent. even. This is a wide gap to be reconciled

and I don't think it is possible to effect any appreciable changes in the

near future. The machinery at present operating has been in existence

since time immemorial and it will be hard, if not impossible, for any
industrial reformer, private or official, to effect any appreciable change

within the span of his official life. All that he can do is to touch the

remotest fringe and to leave the future for further improvement to be
effected by more workers in the cause imbued with fresh energies and
ideas to estabhsh the industry on sound economic lines.

As I have already pointed out in my article in the Agricultural Journal

-of India (Vol. XIII, Part III, July 1918, pp. 405-415) the treatment

-of seedlac with an alkah worth only a few annas practically doubled the

prices, and I cannot do better than once more quote here in verbatim
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the report on the samples by Messrs. Parson and Keith, Brokers-

London.
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North Cachar Hills, Sylliet, Darrang, Lakhirapur and the Native State of

Manipur. The chief Mts are Palasbari, Chhayagaon and Boku. The
main host plants of the lac insect are Cajanus imlicus, Grewia, Kydia-

and Ficus spp.

Bihar and Orissa. The districts where quantities of lac are collected

are :—Palamau, Singhbhnm, Sonthal Pargana^, Manbhum, Gaya,
Hazaribagh, Sambalpur and Lohardaga. The chief centres of lac are

Daltonganj, Haripur Hat, Purulia, Jhalda, Pvanchi, Goilkera and
Chaibassa. Fifteen thousjand maunds are said to be produced yearly

in the Palamau District, 12,000 maunds in Gaya, 2,000 maunds in Hazari-

bagh, 15,000 maunds in Purulia, and there is great room for expansion
in these as well as other adjoining districts.

The, chief hosts of the lac insect are Butea frondosa, SchhicJiera

trijvga and Zizyjyhus jujuha. Durmg 1917-18, the lac exports from the

province were worth Rs. 13,38,000 {vide Report on Trade of Bihar and
Orissa, 1917-18). In my opinion there are great possibilities of develop-

ment in this Province alone, provided the host plants of the lac insect

are utilized to their utmost, better methods of cultivation and collection

are practised, and provided there are better facilities for obtaining

healthy brood-lac near at hand and in sufficient quantities at the required

time. I know from personal experience that there are vast areas full

of Palas, and if these are utilized fully the total produce from this Pro-

vince only will nearly equal the quantity produced throughout the

country excepting the Central Provinces, w^hich regarding lac cultiva-

tion no doubt occupy the premier position and like this province
await development on proper lines.

The Central Provinces. The districts where quantities of lac are

collected are :—Piaipur ; Bilaspur ; Saugor ; Mandla ; Hoshangabad,
Sobhapur, Babai, Barkhari, Futtahpur ; Damoh, Narsingpur, Jabbalpur

;

Balaghat
; Bhandara

; Seoni and Betul. The main food-plants are

Zizyphus jujuha and Z. xylopyra, Butm frondosa, Schleichera trijuga

and Acacia catechu. The south-eastern parts of the province contain a

large number of S. trijuga trees which produce the finest lac from which
pale-yellow or orange shellac is manufactured. The province as a

whole could Supply from 5i to 60 milKon lb. of stick lac if properly

worked. Nearly the whole of the produce was sent to Mirzapur, but
now a great portion finds its way to Calcutta. Besides these, there

are considerable areas in Berar where lac is locally cultivated and
collected, especially the Nandurbar forests, and as this area abuts on the
Hyderabad State, where active steps are now being taken to start lac

cultivation, there is every possibihty of this area becoming an important
lac-growing centre in course of time.
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Tlie United Provinces. The cultivation and collection of lac in these

Provinces are not so extensive as in the Provinces noted above. Lac

is, however, locally collected in the Garhwal Forests, Saharanpur (a

part only), Kheri, Pilibhit, Kumaon, Gonda, Bandelkhand, Bahraich,

Siwalik range, Eae Bareli and Partabgarh. The host plants are Butea

frondosa, Ficus spp. and Zizyphus xylopyra. Bes^ides these, there are

Small collections which are utihzed locally for the manufacture of toys

and bangles. The climatic condition^ are in some localities a bar to

the further extension of the cultivation, but on the other hand there

are places which are quite suitable for cultivation provided good and

cheap broodlac is at hand to be put on the Palas trees which abound

in the plains districts. Mirzapur is an important centre of lac cultiva-

tion and manufacture and for nearly a century it was the only^ centre

of shellac manufacture in Northern India. Even now, in almost' all the

factories in Calcutta, Kanchi, Purulia and other shellac-manufacturing

places, the expert labour is wholly drawn from Mirzapur. These people

move in families to remote places to earn their livelihood as shellac

manufacturers and some of them are so clever that they cannot be dis-

placed easily by local men without jeopardizing the interests of the manu-

facturer. The hilly, as well as the submontane tracts, as well as those

adjoining the Vindhya mountains should suit for the propagation of

the lac insect, but actual experiments have to be made to prove this.

The Punjab. As in the United Provinces, there are large tracts

wherein regular cultivation and collection are practised. There are

local collections in Gujrat, Ambala, Jalandhar, Hoshiarpur, GurdaSpur

and the Kapurthala State. In Hoshiarpur, it is said, three to four

thousands of niaunds are collected locally and the produce finds its

way to the shellac factories at Amritsar. Lac is found growing sponta-

neously on Ficus spp., Butea, Acacia and Zizyphus. On the whole

the collections are not very large, but in some tracts the host plants are

present in numbers and only exTperiments can show whether these could

be used for the propagation of the lac insect, so as to yield some income.

Bengcd. Lac to some extent is grown and collected in the districts

of Birbhum, Murshidabad, Bankura, Midnapur and Rangpur. The

host plants are Butea, Zizyphus and Schleichera. There are considerable

areas in Birbhum, Midnapur and Bankura districts which could be utih-

zed for lac cultivation as these abound with Butea frondosa plants. In

the Murshidabad district, Z. jujuha plants are grown on field embank-

ments and are annually inoculated with lac which the cultivators pur-

chase in the local hats. The system of cultivation is quite unique and

I have not seen anything like this attempted in other parts of India.

The plants are pollarded very carefully and inoculated with lac when

1
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they have got a number of long, succulent stems. The plants appear

very trim, bushy and luxuriant hi growth with a good number of

healthy stems. The produce from the trees is either reserved for seed

or scraped and sold locally. The little extra income that the cultivator

gets is used to pay the rents, leaving the produce of the fields for the

use of his family. A cultivator having 10 to 20 trees pollards 10 trees

during December when they are dormant and utihzes the broodlac from
the other trees for inoculating them in June and selling the surplus as

broodlac in the local Jidt. In this way, he seldom gets seed from outside

and is able to utilize the ZizyjjJms trees fully for the production of lac.

When the market rates for stick-lac are high, the cilltivator is able to

pay off the rents from the sale proceeds of his trees, without having , the

necessity of obtaining money on loan. In pruning, inoculating, cuttmg
and scraping lac from trees on his field-embankments, the cultivator

is assisted by the members of his family and has not to pay for extra

labour. This leaves him an ample margin wherewith to continue the

cultivation from year to year. An extension of this system widely

throughout the districts and the adjoining places is bound to improve
the material condition of the cultivators, as with the sale proceeds of

the subsidiary produce they will be able to pay off the rent, thereby
retainmg the produce of the fields entirely to themselves. In doing
this not much time or labour is required and the whole work is managed
easily by a cultivator assisted by the members of his family. At least

I was much struck with the w^ay the whole work was carried on and I

wish this system could be adopted in other similar tracts of land where
rice is the principal crop.

Bomhaij. In the Presidency not much lac is either grown or collected,

but whatever little is obtained it is collected in Kolaba, Surat, North
Thana, Central Thana, South Thana, Panch Mahals, North Khandesh,
West Khandesh, East Khandesh, Nasik, Satara, Ah Raj pur, Udaipur,
Deogad, Baruja and Hyderabad in Sind. The principal foodplants

are Butea, Ficus spp., Schleichem, Zizyplms jujuba and Z. xylopym,
Alhizzia lehbek, Acacia arabica, Acacia catechu, Xylia dolabriformis,

Prosopis spicigera and Eugenia dalbergioides.

In Sind lac grows on Acacia arabica in the Jerruk forests near Hydera-
bad. Besides this tract, I have not seen any other tract where lac is

found growing by itself on the Acacia trees. The reason why the insect

should not flourish on the same food-plants, say in the north of Sind,
is not known. In the neighbourhood of Hyderabad in Sind the insect

-is said to flourish well on such trees only as are either low in vitahty
or are about to die. The reason why the insect should show partiality

for such trees only is not la^o^vn. I think in the first i^lace it has to be
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ascertained ^Yllether such a statement is true. I have heard some such

thing repeated very often, but had not the time or opportunities to uives-

tigate the truth of the observation. Anyhow, it remains to be tested by
actual experiments whether the msect will propagate itself on seedlings

raised from seed broadcasted in areas adjoining the present lac-producing

areas and whether the broodlac raised on these could be utilized for

propagation in the northern parts of the province. In this connection

it has also to be determined whether the influence of subsoil water has-

any effect on the growth of the lac insect on Anacia trees, and whether

the alkalinity of the soil is in any way connected with the growth or

deterioration of the lac insect or not.

Madras. Local collections only are made in Kanara and Mysore

on SJiorea talura. Some lac is also gro\\ai and collected in Ganjam and

Jeyj^ur State. There are also local collections in the Omarkote range

within an area of 200 sq. miles. The majority of lac used in the Presi-

dency is obtained from Burma and the silk-dyers prefer Burm.a lac which

is richer in colouring matter than the Indian stuff. The lacquer workers

at Channapatna utilize the lac gro^^^l and collected locally. Some lac

is also groMTti in Nandidrug as well as at Anekai and Closepet in the

Mysore State on Sh orea talura. In Travancore, collections are made in

one forest range only, the foodplants being Odina wodier, Ficus religiosa,

Careya arborea, SjKftholobus roxhurglii. But with the organization

of the Industries Department in the State, considerable attentton is

being paid now to the cultivation on scientific lines within the State, and

it is expected that the suitable portions of the forest may be soon

utilized for the production of lac in quantities to meet the local demands

as well as those of the neighbouring Presidency.

Ceylon. The Ceylon Agricultural and Horticultural Society sent

an Agricultural Inspector for training in lac at Pusa and on his return

experimental cultivation was started on Zizyphus jiijuba (Ceylonese-

Masan) and ScMeichera trijuga (Ceylonese-/ion) and it was reported that

the lac insect had flourished well on the latter foodplant, but later on

Eublemma Sp. did considerable injury to lac on trees.

Burtna. Lac in considerable quantities used to be collected and

exported in the form of stick-lac which contained more colouring matter

than Indian fac. But now the exports have fallen off considerably.

It is collected in Thayetmyo, Prome, Tharrawady, Henzada, Arakan,

Upper Chindwin and Southern Shan States. In one year a set of villages

in the Pakoku Chin Hills produced 100,000 lbs. during a year. Large

quantities are codected on the borders of the Shan States and brought

into the country to be either exported along with Burma lac or turned

into shellac. The produce of the tract bordering on Indo-China finds
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its way into the interior and is exported chiefly to India along with

Burma lac. The country as a whole has great possibilities of develop-

ment, and if properly worked, is likely to yield large quantities of stick-

lac which could be utilized for the manufacture of seed-lac or shellac.

Next to Assam, the Central Provinces and Bihar and Orissa, Burma

bulks large and is capable of producing half, if not more, of the normal

requirements of the country. Lac from Burma is used largely in Madras

for dyeing silk and to some extent wool. Tlie foodplants of the lac

insect are PithecoJobnan, Cassia, Zizyphus, Dipterocarpus, Shorea ohtusa,

Schleichera, Albizzia, Tamarindus, Butea, Ccesalpinia, Dalbergia ovata

and Xylia.

Central India. Lac in some quantity is also collected in the Native

States of Eewah, Nagod, Maihar, Chhattarpur and Pannah. Attempts-

are also being made at Eutlam and Gwalior to grow lac, but how far the

experiments have been successful is not known. In Eewah considerable

quantities are collected in the forests and worked into shellac in the

factory at L'maria. But since last year the out-turn has fallen off consi-

derably, due no doubt to the intensive system of collection practised

in the previous years.

From the above it will be seen that lac is found in most of the pro-

vinces of India and that in the majority of cases no attempts are made

to grow the insect on its foodplants. Whatever quantity is found to

grow on the plants is collected and sold to the nearest dealer in stick-lac.

In the majority of cases the collection is done by aboriginal tribes who
inhabit the outskirts of forests. These people barter lac for salt, cloth

or trinkets or such other small luxuries of life. The hania or the local

dealer collects the local produce and sells it to another merchant who

sends it either to Mirzapur or to Calcutta. The actual producer has no

dealings with the manufacturer and the result is that the major portion

of the profits is appropriated by the middleman. From the above it

will also be seen that the greater portion of lac brought for sale is collect-

ed as it is found growing on its foodplants and that no attempts have

been made to cultivate the insect on scientific and business lines. That

the insect can be propagated and its range of distribution extended

has been amply demonstrated in various localities and full details for

propagating it are given in the Bulletin on the " Cultivation of Lac

in the Plains of India," (Eevised edition. Agricultural Eesearch Institute,

Pusa), If the hnes of work laid down therein are followed, it vnll be

found that localities where Palas {Butea frondosa), Schleichera trijuga

and Zizyphus jujuha plants abound, could be utilized for the production

of lac. The result will be that plants which have ceased to be of any

economic value now will yield fairly good returns on the amount
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invested in developing the cultivation. Besides this, there will be the

advantage of improving the material condition of the people, especially

the aborigines inhabiting the forests, and steadying the market. The

present violent oscillations in the prices of the crude material \^oiild

be avoided if not completely ehminated and the possibility of the

introduction of synthetic or other cheap subsStitutes would be postponed

indefinitely. Much could be done to extend the cultivation of lac by

starting suitable measures for the distribution of healthy broodlac at

jjroper times and at cheap rates so as to enable even the proprietor of a

few trees only to inoculate his trees. At the present time it is practically

impossible to obtain good, healthy and cheap broodlac for inoculation

purposes. The prices charged are not only exorbitant but prohibitive

as well. I know from past experience that when stick-lac was quoted

at Rs. 20 per maund in Calcutta, the prices charged for Kusumb brood-

lac were ranging anywhere between Rs. 40 to 60 ]3er maund, and as it is

known that the greater portion of the stuff consists of wood and colouring

matter, the actual price of resin obtained by scraping the broodlac

sticks works to a prohibitive figure. This to my mind has been mainly

responsible for limited cultivation and subsequent production. I know

for a fact that a large number of cultivators go long distances from their

places in search of healthy broodlac. They sometimes resort to hilly

tracts where they think they will be certain of obtaining healthy broodlac

at fair rates. In some places the lac cultivators having obtained abnormal

prices for their crude material have taken the trouble of exchanging

their broodlac with others living in hilly tracts or in localities where the

broodlac is conf^idered to reproduce well. With so many obstructions

and with an ever-changing market, it is no wonder that the cultivation

, .should have remained in so precarious a condition as is the case at the

present time. Thus it seems reasonable that in any scheme of future

development of cultivation, the provision of nurseries in suitable localities

should not be lost sight of. Besides this, facilities for the transport

of broodlac are so cumbrous and the freight charges so heavy that it

is not only impossible but risky to import broodlac from other localities.

I have personally experienced the trouble of obtaining broodlac from

places other than Pusa. The lac cultivators are at first reluctant to

undertake the work of packing and sending out parcels of broodlac by
rail. The question of despatch by post is prohibitive on account of the

heavy postal charges. If, however, they are induced to undertake such

work, the transport difficulties are so great that all the efforts end in

failure. I have seen instances where crates containing broodlac have

been allowed to lie on railway station platforms in the sun for days

•.together before they were despatched to their proper destination and,
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EXPLANATION OF PLATE 126.

Lac insects.

1. Test of female—150-155 days after inoculation , x 32.

Male i^uparium—150-155 days after inoculation, x 10.

Test of female teased out of resinous cell—151-156 days after inoculation,

X32.

Te.st of female—175-182 days after inoculation, x32.

Test of female teased out of resinous cell—175-182 days alter inoculation,

X27
Basal ijortion of anterior stigmatic process of female test—(much enlarged).

Test of female teased out of resinous cell—207-212 days after inoculation,

X27.

Anal process of female 207-212 days after inoculation—(much enlarged).

Test of female teased out of resinous cell—23S-243 davs after inoculation,

XlO.

Anterior stigiiiatic process of female—238-243 days after inoculation

—

(much enlarged).

Anal piocess of female—238-243 days after inoculation, x 27.

Fig. 12. Test of female—58 days after inoculation, x 32.

Fig. 13. Test of female teased out ot resinous cell—58 days after establishment,

X32.

Fig. 1-4. Male putiarium (ventral view)—58 days after inoculation, x47.

Figs 1—11 are of lac on Ber (Zizyphu-s jujuba).

Figs. 12—14 are of lac on Kusumb (Schleichera irijuga).

Fig.
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as everybody knows, if broodlac is exposed to the sun for a number of
hours, the resin melts, the holes of exit for the larvse are closed and
they are unable to emerge. Besides this, with heat fermentation sets

in in the body contents of the females and the result is that the nymphs
are stifled to death with heat and are unable to emerge. The railway
authorities are perhaps unconscious of this fact, otherwise proper pre-
cautions would have been adopted by them to- ensure safety of the
broodlac crates entrusted to them for transport. Because the question
has an important bearing on the problem of future development of the
lac industry, I have thought it proper to touch upon it here, and I am
sure something will be done to remedy the present state of things.

With the question of the establishment of nurseries, the task of
establishing the species of the lac insect is of profound interest. A
thorough study of the question in all its aspects is bound to yield data of
considerable economic importance. With the fixation of species it

would be possible to extend the cultivation of the particular species in
well-defined areas and therefrom to extend the cultivation. This work
w^as anticipated and collections were made from all parts of lac-producing
areas in India with the collaboration of the forest officers. This collec-

tion is at Pusa and requires
,
to be worked through. Specimens, both

dry and wet, have been collected of cultivated as well as of wild lac and
have been preserved. In this way a vast collection has been got together
and could soon be worked through. As is well known, with the fixation
of species found to occur within the important lac-producing tracts as
well as elsewhere, the fixation or knowledge of the swarming of larvse

in both the seasons is very essential to the development of cultivation.
With the fixation of species and the periods of swarmmg of larva? in
particular tracts, the work of expansion would be considerably facilitated

and broadened. When this has been done it will be time to look after
the details of cultivation. As is well known the introduction of lac into
the market came after the price of cochineal—which was used for d^^eing
silk—had gone very high. It was then that the consumers' attention
was drawn to the substitution of a cheaper stuff which would partially,
if not wholly, fulfil the requirements of the trade of the times, and the
lac-dye was found to meet the exigencies of the situation well. The
dye was extracted and used for colouring purposes and the resin was
left unutilized. Later on when the special properties of the resin" came
to be known, it was used along with the dye for various other purposes.
From this time onward the exports of resin "began to rise until to-day
they reach the unprecedented total of £2,314,000. This represents the
quantity exported from the -port of Calcutta alone. If, however, such
statistics wxre available for the other ports of Karachi, Bombay and
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"Madras, along with the quantity consumed in the country, which is in

no sense a neghgible quantity, it will be found that the total annual

production of lac in India and Burma is well over 170-200 million lb.

'This quantity is raised annually, when the insect has bean subjected to

ill and drastic treatment which, if not efiectual in its total extinction,

has lowered its vitality U) such an extent that it may be said to be

the progeny of degenerated parents which are not as yet free from the

"baneful effects of processes which are antiquated as well as effete. If

one looks at the methods adopted for collecting the yearly produce, one

is struck with the profound vitality displayed by the insect and I think

it is its prolific fecundity which has saved it from total extinction. The

cultivators now have recourse to measures of collection such as were

adopted by their forefathers centuries ago. But the times have changed

considerably. What was once a paying item has ceased to be such.

"What was once eagerly sought after is now discarded. The introduction

t)f aniline colours has done much to bring about this change. But as

the lac cultivator is illiterate, and lives in remote corners where ideas of

modern developments do not reach him, he persists in adopting old

and antiquated methods of collection. The lao-dye has ceased to be an

article of commerce, and attempts are made to obtain resin which is as

much free of the colouring matter as is possible to obtain. But the

lac cultivator, irrespective of these changes in the commercial world,

still continues to collect lac before swarming has taken place, with the

result that the larvse are killed outright by exposure of the lac-bearing

branches to the heat of the sun. The result is that the healthiest and

most virile larvse are killed oft, leaving behind stragglers which are

not so vigorous as they should be. In a count made at Pusa of larvae

of Zizt/phus jujuba lac, it was found that 52 days after establishment,

25' to 30 per cent, of them had failed to establish themselves and to

produce resin. Later on, the percentage was found to increase until

barely a fourth of the number had been able to reproduce itself. If

material in various places is examined in this light, it will be found that

in places even a larger percentage fails every year to establish and sub-

sequently to reproduce itself. This is no doubt one of the causes of the

short supplies so much complained of by the shellac-manufacturers

from time to time. If, however, the lac cultivators are informed of the

mischief they are doing unconsciously, I am sure they will improve

their methods and will begin collecting the material after the larvae

have swarmed out. No doubt much could also be done by the manufac-

turers. If they will adopt the practice of paying the cultivators on the

proportion of resin to lac-dye in a sample, the cultivator would soon

modify his ways and would adapt himself to changed circumstances.





Page 797. PLATE 127.

Holes of exit of Euhlemma amabilis in introduced lac at Banganapalle, South

India, November 1914,
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The manufacturers should insist on purchasing stick-lac which contains

a smaller proportion of lac-dye than one which has been collected before

swarming has taken place and is consequently rich in colouring matter.

This will effectively put an end to the unscientific method of gathering

lac thereby consigning to death a huge number of larvae which would
' otherwise have produced lac. No doubt, to hasten the adoption of the

change recommended, active demonstrations would have to be made on
an extensive scale before the cultivators could be expected to give up
the practice which has rather become engrained in them.

With the establishment of nurseries for the distribution of healthy

broodlac, and improvements in the methods of collection, the question

of parasites and predators on lac has to be carefully gone through. From
what is knowTi now Eublemma aniabilis is the worst enemy of lac on the

trees. The caterpillars devour the females and pupate within silken

galleries made in the encrustations. In some places the moth is so bad
that it is impossible to grow lac. The predaceous caterpillars appear
in hordes and destroy the females with the consequence that no lac is

produced. In one place I found that, from a dozen broodlac sticks,

each 12' to 15' long, as many as 435 Eublemma amabiis moths were
bred out. (Plate 127) It was from this place that large quantities

of broodlac were sent out far and wide and it is no wonder that the place

should have been the means of d'stributing the predator along with the

host. In some places the predator forestalled the host with the result

that no lac could be grown. This aspect brings to the fore the question

or rather the necessity of establishing broodlac nurseries, in any scheme of

extension of lac cultivation in India. No doubt before any such scheme
is mooted an accurate survey will have to be made of the locality or

localities, which if not altogertier free from the parasites and predators,

are comparatively immune from the attacks of these disturbing factors.

Besides Eublemma amabilis, the question of parasitic Chalcididae will

have to be studied in greater detail than has been attempted in the past.

Species that are parasitic on Eublemma caterpillars will have to be
differentiated from those which are primarily parasitic on the lac insect.

If there are any hyperparasites, these will have to be studied separately

and assigned a place in the scheme adopted to check the undue in-

crement of the primary parasites. The role of Holcocera pulverea will

have to be determined specifically as regards the lac on trees as well

as stick-lac in storage. The question of storage so as to avoid the stick-

lac getting blocky will have to be studied. But what appears to be in

-keeping with the present conditions, it is advisable to wash the stick-lac

and treat it with monohydrated Sodium Carbonate. This will frea the

resin of the colouring matter adhering to the innermost walls of the cells
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and will improve the appearance of the washed product. An improve-

ment like this is expected to effect considerable savings and will avoid

the possibility of undetected damage brought about by pests to stored

produce and will remove the possibility of the material becoming blocky

—a thing which no manufacturer would care to buy. {Vide Agri. Jour.

India, Vol. XIII, Part III, July 1918, p. 410, and Report on the Progress

of Agriculture in India for 1917-18, pp. 98-99.) If this change will ma-

terialize into practice it will then be possible to popularize the use of

washed and treated seed-lac more extensively than has been the case

in the past. It is a queer anomaly that trades people should give pre-

ference to an adulterated product over an unadulterated one. Shellac,

however pure it may be, contains from 5 to 10 per cent, of foreign ingre-

dients such as yellow orpiment and colophony—the trade refraction

being 4-5 per cent.—and still it is preferred to seed-lac which is pure. But

now as lac has come to be extensively used for military purposes, it

will be possible to popularize the use of the pure material seed-lac over

shellac, I think production of standardized material will obviate the

necessity of adopting iodine tests for shellac which the manufacturers

have to do before making purchases. Continuous trial shipments of

standardised and treated seed-lac will have to be made before the product

will be adopted for commercial purposes. Hitherto, as the factories

are few and are spread at considerable distances from each other, it has

not been possible to effect any changes in this direction. By the new

uses that are now being found for lac, it will be possible to restrict the

use of the adulterated material.

The uses of shellac are:

—

Indian.—Bangles, toys, goldsmiths' work, sealing wax, varnishes,

pohshes, grinding atones, lacquer ware, hilts to swords.

Foreign.—Insulating material, gramophone records, lithographic

inks, varnishes, polishes, paper varnishes, confectionery,

top hats, strengthening to steel, shrapnels, for pattern work,

shoe blacking, imitation ivory, backs to brushes and combs,

tooth brushes, poker-chips, white insulated goods.

The waste, together with other refuse, is utilized within the country for

the manufacture of bangles and toys. A great development awaits

the toy industry. Hitherto cheap German and Austrian toys have

flooded England and America along with the produce of Holland, consis-

tmg primarily of compressed paper material. But with the proper

organization of the industry it will be possible to popularize the use of

light lac toys which will be cheaper and less liaWe to breakage than the

imported ones. In India there is some field for the development of

polishes and varnishes. The raw ingredients necessary to manufacture
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these are present in the country. It requires working them up so as to

start an industry which has some prospects before it.

I have touched briefly the sahent pomts concerning cultivation,

collection, after-treatment and manufacture into shellac. There are a

number of other points which I hope to touch upon hereafter. In

conclusion it may be said that the industry is very old and India practi-

cally holds the monopoly for the time being. Before other disturbing

factors step in, it is essential that a complete survey should be made of

the industry as existent at the present time—both in forest areas as

well as in the plains—and then to adopt such measures as would resus-

citate the industry efficiently as well as financially. It need not be

reiterated here that such lines of action would greatly ameliorate the

condition of the aboriginal tribes inhabiting the outskirts of forests as

well as the Plains, and I think the time has come when necessary steps

should be taken to safeguard the interests of the industry which are

really very old and important.

We have not done so much work on this subject as Mr. Misra has Mr. Ramakrishna

done and it is only recently that the Government of Madras has thought ^^^^^'

of this industry. The first thing I would like to know is, what are the

different species of lac insects ?

I believe that there are a number of species and one of these is ^- Misra,

Tachardia lacca.

We must know at what time the young ones swarm out. With us Mr. Ramakrishna
they swarm in September and October and we get a poor harvest. Our Ayyar.

difficulty is to get broodlac. We do get it from Pusa but we cannot

get it just at the time that we require it for inoculation because the

times of swarming at Pusa and in Madras are different. The lac-insect

found on mango has been identified by Mr. Green as Tachardia lacca.

We require to know definitely what species is commonly cultivated in

India and what species can easily be propagated.

Can Mr. Misra give us some technical details of the work he is going Mr. Beeson.'

to do and his field-stations and so on ?

In order to find out parasites we have to examine twigs, to rear Mr. Misra.

them out in cages and even to dissect out the parasites from their hosts.

Another difficulty is the identffication of the parasites. Eublemma is i\

serious pest of lac in store-houses.

We must first find out the species, because they may differ. Mr. Ramakrishna
Ayyar.

We have at Pusa an enormous accumulation of material of lac insects, Mr. Misra.

both dry and in spirit, from various foodplants and collected during

every month of the year in almost all the lac-growing districts of India,

VOL. II 2 b
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Mr. Kunhi Kannan.

Mr. Misra.

All this material requires to be worked over by an expert Coccidologist.

Cross-inoculations also require to be tried.

Has the host-tree anything to do with the quality of the lac ?

Yes ; to a certain extent. Palas lac is the best. We find lac-insects

on all sorts of all plants and, as far as the host-plants are concerned,

they are pests ; but as it produces lac, we call it a useful insect.

To me it seems that the first necessity is the determination of the

sper^ies concerned before any cultural work is undertaken.

We have the material for that as soon as we can find someone to under-

take the work.

43.—THE PUSA EXPERIMENTS ON THE IMPROVEMENT OF
MULBERRY SILKWORMS.

By M. N. De, Sericidtural Assistant, Pusa.

(Plate 128.)

As a result of the war the silk industry has shown signs of revival,

both as regards its value and quantity. New mulberry plantations

and rearers have come into existence and they are getting more money

by rearing silkworms than by cultivating other crops. It remains to be

seen whether the condition of the silk industry in India will improve

or revert to its original position.

Multivoltine mulberry silkworm races are cultivated in Bengal,

Mysore, Kollegal and Assam. The price of cocoons and the cost of

cultivation are less in the above places than in any other country. This

advantage is counterbalanced by the inferiority of the yield of silk of

the Bengal and Assam races. The yield of the Mysore race, which

is reared in Mysore and Kollegal, is superior to the yield of the

Bengal and Assam races. The yield of this race as well as that of the

races of Bengal and Assam can be improved by careful selection if con-

tinued for a long time. We are attaching more importance to hybridiza-

tion than to selection as our surrounding conditions are not suitable

for rearing silkworms throughout the year ; besides, it is the quickest

way to modify and renovate a race.

It seems generally admitted that the multivoltine races of India

have degenerated. European races of silkworms have been improved

by selection and hybridization and are producing about more than

double the quantity of their past yield, whereas our races are giving

slightly more than three-fourths of their past yield. Long continued

in-breeding inadvertently practised by careless rearers and rearing

under unhealthy conditions, with leaves of scanty nutritive value, are

J
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responsible for the degeneracy of our races. Indiscriminate in-breeding

has produced loss of vigour, delicacy of constitution and deterioration

of the whole animal system and consequently the silk procured from

the Indian races is inferior to that of Europe, Japan and China.

Selection in silkworm rearing means the ability so to choose cocoons

and moths for reproducing the progeny, that with proper care a high

standard of excellence will be obtained. If the improvement thus secured

^oes on generation after generation it will result in still further improve-

ment. But when the selection is made carelessly and without judgment

the improvement thus obtained is likely to revert to its former level.

Judicious selection alone cannot improve a race without suitable nutri-

tion, breeding and environment. The four go hand in hand whenever

the improvement made is to be maintained and wherever further improve-

ment is desired. Selection takes a long time to lift a race to a high

standard of excellence and requires patience to maintain it.

Cross-breeding has done great service in the formation of new races.

"The influx of new blood to a weak race is always an advantage. It

brings new vigour and renovating power in the constitution of the worms
and makes them yield silk superior both in quality and quantity. Cross-

ing gives an immediate increase of productiveness of silk but the result

is uncertain in later generations. Time and experience can only tell

whether the hybrid races which we have produced will continue to give

satisfactory results without degeneration. With iinivoltine races it

is possible to renew crossing every year as there are many univoltine

races which yield cocoons of the same colour, shape and size, and so an

infusion of new blood is possible in European countries. But this is

not the case with the multivoltine races of India. There are only four

or five multivoltine races which differ in shape, size and colour and if

a cross is effected between any two of them the shape and colour of the

cocoons of the mongrel race become different and it takes about six or

seven generations to obtain uniformity in colour and shape. Besides,

some of the eggs of the mongrel races turn grey and hatch irregularly

like univoltine eggs in some later generations and so it is not possible

to obtain good results from the race, for, by the time uniformity is

obtained, the vigour and renovating powers are gone. If our multi-

.

voltine races are combined with the univoltine races, they become univol-

tine in the second and third generations and it takes about three or four

years to establish the multivoltine characteristics. Some hybrid races

may turn into pure multivoltine races by accident, but this cannot be

depended upon,

Our experience is that all hybrid races are not suitable for all cli-

matic conditions. Again all hybrid races do not necessarily become

2b2



802 PROCEEDINGS OF THE THIRD ENTOMOLOGICAL MEETING

strong by the cross. Vigour may be imparted to a weak race if it is"

crossed with a strong one and vice versa. Desirable qualities are imparted

to a weak race by crossing it with races possessing the qualities desired.

We have produced about ten multivoltine hybrid races. The yield

of silk of some of them is about Ih times more than that of the multi-

voltine races of Bengal. Our object is to produce two types of multi-

voltine hybrid races having similarity in size, shape and colour, which

would suit a particular climate. When these two types breed true,,

their eggs or the eggs of the reciprocal cross can be profitably reared

if the resulting hybrid keeps the multivoltine characteristics of the

races. In this way only we can infuse new blood and vigour whenever

we like. It remains to be seen whether the hybrid races can be established

without degeneration.

If univoltine races are to be reared they should be annually im-

ported and the progeny should be combined with the Bengal Boropolu

race which has been acclimatized there. Univoltine races of Japan and

China, their crossbreds with the Bmopolu race and bivoltine races of

Japan stand the climate better and hatch more regularly, although

the yields of silk of these races are inferior to that of France and Italy.

Superior cocoons are obtained in all seasons by a cross between (1)

a univoltine male, or (2) a male of a cross between a univoltine male

and multivoltine female, or (3) a male of successive generations of this

cross, and a multivoltine female. The crossing will have to be effected

in each generation as the eggs of the second generation of this cross will

turn univoltine. These univoltine eggs'should be sent to cold storage

for rearing in spring or in October or November wherever possible.

If univoltine eggs are not required then the female cocoons of the hybrid

can be rejected by the help of a balance available in France and used

for reeling.

Of all the indigenous races, the Mysore race is the best as far as the

yield of silk is concerned. The Nistari race should be reared in April

or May, the Mysore race from July to October and univoltine races

from October to March. We do not advise to rear the hybrid races

now on a large scale although there is a demand for the eggs of these

races. The best test for the suitability of a race in a particular place is

by rearing it in the same place. The Mysore race is more susceptible

to diseases than the Nistari race. Indigenous races are more hardy and

can stand diseases better than the foreign univoltine races. An infusion

of univoltine blood in the indigenous races makes the latter less hardy.

We do not know whether they would be more hardy when they have

been acclimatized to the climatic conditions of India for some time.

We have produced multivoltine hybrid races by the infusion of univol-

I
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iine blood into the inultivoltine races, the yield of silk of which is like

the univoltine races of China and Japan and bivoltine races of Japan
for some generations, but they have degenerated later on and do not

stand the climate like the indigenous races.

All races of silkworms yield more silk and can stand the diseases better

if they are fed with the leaves of tree mulberry than those fed with

the leaves of bush mulberry. All the races produce good cocoons if

they are fed with bush leaves in the first three or four stages and then

with tree leaves. It is always better to have two or three good crops

than to have four or five indifferent crops.

In the following Table comparative results of our rearing of

univoltine, bivoltine, multivoltine and hybrid races of silkworms of

different countries are given, from which an idea of the yield of silk

.of each r^ce can be obtained.

Date of Date of

oviposition
i hatching

'Shewshing Chinese univoltine July 1917

French race univoltine

Boropoln ? and Japanese i
univoltine, Fj.

Wasih Chinese univoltine

Koishimaru Japanese univol-
tine.

Araya Japanese bivoltine.
TirsFirst generation.

Second generation of the
above.

1st April
1917.

2nd April
1917.

July 1917

July 1017

July 1917

20th April
1918.

Boropolu univoltine

Pusa multivoltine hvbrid
No.I.

Mysore race '.imltivoltine

^istari multivoltine

Madagascar .

July 19i;

4th July
1918.

10th August
1918.

18th Febru-
ary 1918.

3rd March
1918.

"th March
1918.

6th March
1918.

rth March
1918.

9th JIarch
1918.

9th March
1918.

29th April
1918.

8th February
1918.

20th March
1918.

16th July
1918.

19th August
1918.

6th March
1918.

Date of

mounting

Weight of mature
worms and raw

cocoons in 10 gm.

29th ilarch
1918.

7th April
1918.

9th April
1918.

9th April
1918.

18th March
1918.

15th April
1918.

4th August
1918.

(th i^eptem
ber 1918.

{:

{
r

,
6 mat

\\ 13 raw

{
r ; 6 mat

1^
I 12 raw

L' 12

/!•

{;
'

{;«

{

5 matiure worms.

10 raw cocoons,

mature worms,

raw cocoons.

5 mature worms.
6th April
1918. II 10 raw cocoons.

mature worms,

cocoons.

.

5 mature worms.

9 raw cocoons,

mature worms.

cocoons,

mature worms.
21st May
1918. t^ '

12 raw cocoons.

2nd April
1918,

{

mature worms.

raw cocoons,

mature worms,

raw cocoons,

mature worms,

raw cocoons.

7 mature worms.

14 raw cocoons.

7 mature worms.

I 13 raw cocoons.
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Kojikiko. Japanese bivol-

tine. First generation.

Second generation of the above

Japanese 5 and Boropolu 3
Univoltine F,.

Japanese ? and Boropolu 1

Univoltine Fa.

Boropolu 9 and Japanese 3

Univoltine F,.

Boropolu $ and Japanese 3
Univoltine F,.

French 9 and Boropolu 3

Univoltine F,.

French 9 and Boropolu 3
Univoltine Fj.

Date of
oviposition

12th April
1916.

21st April
1915.

24th April
1916.

18th April
1915.

15th April

23rd May
1915.

27 th March
1916.

Date of

hatching

"th March
1916.

22nd
1916.

April

13th March
1916.

23rd March
1917.

Bth March
1916.

23rd Febru-
ary 1917.

30th January
1916.

23rd Febru-
ary 1917.

Date of

mounting

"{2nd April
1916,

20th May
1916.

11th May
1916.

3rd April
1916.

1st AprU
1917.

9th March
1916.

1st April
1917.

Weight of mature
worms and raw

cocoons in 10 gm.

8 mature worms.

13 raw cocoons.

The majority of the-

worms died on
account of abnor-
mal heat of this^

year.

6 mature worms.

11 raw cocoons.

6 mature worms.

13 raw cocoons.

6 mature worms.

11 raw cocoons.

8 mature worms.

13 raw cocoons.

5 mature worms.

10 raw cocoons.

6 mature worms.

11 raw cocoons.

Ill the following Table two races liave been combined, leaving the

one nearest that which is wanted untouched until a suitable cross between

two others have been secured. Then the pure race has been combined

with the hybrid with a view to have the influence of the last race.

Records of our rearing of the previous generations of this race are given

in Bulletins Nos. 48 and 74, on pages 9 and 2 respectively.

Date of Date of
oviposition hatching

Weight of mature
worms and raw

cocoons in 10 gm.

Nislari !('*)& Mysore 9 -) Mysore 9
& ' -

French 3

*) & Mysore 9 ~) Mysore 9

Do.

Do.

Do.

Do.

Do.

Do.

Do. Fis

Do. F,e

Do. Fi,

Do. F„

Do. Fi,-

Do. F,,

July

20th Septem-
ber 1916.

30th Octo-
ber 1916.

22nd January
1917.

5th
1917.

22nd
1917.

April

May

July

22nd August
1916.

28th Septem-
ber 1916.

11th Novem-
ber 1916.

18th Febru-
ary 1917.

14th
1917.

30th
1917.

April

May

5th August
1916.

10th Septem-
ber 1916.

17th Octo-
ber 1916.

20th Decem-
ber 1916.

24th March
1917.

10th May
1917.

17th June
1917.

6 mature ; 9 raw.

6 mature ; 11 raw.

6 mature ; 10 raw,

6 mature ; 11 raw.

6 mature ; 11 raw.

7 mature ; 12 raw.

8 mature ; 12 raw.
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Nittari^ ^ & Mysore? ^ Mysore?

French i

^& Mysore? ")

P 1'

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do. Fjs

Do. Fo,

Do. Fji

Do. F„

Do. Fje

Do. Fj,

Do. F„

Date of

oviposition

26th
1917.

12th April
1918.

22nd May
1918.

28th June
1918.

4th August
1918.

7th Septe
ber 1918.

14th Octo-
ber 1918.

23rd Decem-
ber 1918.

Date of
hatching

1st March
1918.

23rd
1918.

30th
1918.

April

May

July

10th August
1918.

15th Septem-
ber 1918.

24th Octo-
ber 1918.

Dal e of
mounting

1st April
1918.

22nd
1918.

17th
1918.

24th
1918.

May

June

July

28th August
1918.

3rd Octo-
ber 1918.

25th Novem-
ber 1918.

Weight of mature
worms and raw
cocoons in 10 g'u,

8 mature , 12 raw.

Grey eggs were
reared in this
generation.

7 mature ; 12 raw.

6 mature ; 11 raw.

6 mature; 10 raw.

6 mature ; 8 raw.

7 mature ; 12 raw.

7 mature ; 12 raw.

The race is being
continued.

The Pasteur system of examination is the best for elimination of

pebrine in univoltine, bivoltine and multivoltine races in India. The
system is more simple, more economical, and less laborious than all the
existing modified methods of Pasteur. For easy and quick detection

of pebrine corpuscles from the juice of mother-moths the following

precautions should be adopted :
—

*

(1) Place 50 or 60 mother-moths on a paper after separating the
pairs and shake the paper by holding one of its ends. The
moths will excrete the contents of the colon so that there

will not be much exudation of the colon at the time of crushin<r

them for microscopical examination.

(2) Keep the mother-moths isolated in paper bags on the first

night after oviposition at about 80°-95°F. After i or 5
days dry them for three or four hours at about 160°-180°F.

The number of the bag containing a moth should correspond

with the number of the laying oviposited by it so that the
eggs laid by each moth can be ascertained. This process

will help the multiplication of pebrine corpuscles and dry up
the contents of the colon.

* In Japan multivoltine moths are examined with or without dr_ying. In some
countries they are examined without drying.
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(3) Remove the wings and examine the juice of the moths on the

fifth or sixth day after oviposition after thoroughly crushing

them with a few drops of 5 per cent, solution of caustic

potash which dissolves the fatty globules. This will help

quick detection of pebrine corpuscles.

Our experiments in reeling are. given in Bulletin No. 44. Indian

reefers find it difficult to dispose of their raw silk. Organized efforts

are being made for the sale of raw silk of China, Japan and Europe but

there is no such organization for the disposal of Indian raw silk. Im-

ported silk finds a ready market here but there is not sufficient demand

for the local produce. Taking all the disadvantages into cyonsideration,

our silk can have a good sale in Europe and America and the local market

can also be captured if the quality of our silk is improved by the

provision of one porcelain button and two small aluminium or glass wheels

in the country system of reeling machines, by which 200-350 twists

can be given to the reeled thread. In this method the simple country

appliance for. reeling has been greatly improved and yet its suitability

for cottage workers maintained. The first thing required is to produce

a standard quality of raw silk for the local market and to place a fairly

large quantity of it with merchants to create a market for it. Perhaps

it will not be profitable to produce very fine thread for the consumption

of France and England.

We have devised a new Twisting Machine on which 24 threads can

be twisted at a time (Plate 128). The working of the machine is as

follows :—There are 24 spindles w^ith 24 bobbins inserted on one end

of each of the spindles. The bobbins should contain double or threefold

thread. One wheel rotates all the spindles by means of an endless rope
,

and a swift by means of another cord on which twisted thread is wound

up. The cord is passed under the following spindles 1, 3, 5, 6, 8, 9,

11; 12, 14, 15, 17, 18, 20, 21, 23 and 24 and upon the following

spindles 2, 4, 7, 10, 13, 16, 19, and 22. The bobbins on the former

are inserted in the front of the machine while those on the latter are

inserted in the back part. When the wheel is revolved in the righthand

direction all the 24 bobbins are turned in the same direction so that a

righthanded twist is given to the thread before it is wound upon the swift.

It should be noted that the bobbins should always contain wet thread.

When the spindles do not revolve properly the cords should be rubbed

with a little dust of resin. The hooked guides through which twisted

threads are passed to the swift are of glass. As there is no difficulty in

unwinding the twisted thread wound upon the swift no mechanism has

been provided for cross-winding the thread on the swift. If the weavers
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-want to have a lefthanded twist on the machine they should fill the

bobbins from the opposite direction (anti-clock way) and the wheel also

should rotate in the same direction, so that right-handed and left-

handed twists can be given on the machine according to one's require-

ments. One man can twist about 6 chattacks of reeled thread in a day

of eight hours. The cost of a machine will be about Es. 25. Reeled

thread of Tasar, Muga and Mulberry, and cotton thread also, can be

twisted on the machine.

Pierced cocoons are generally spun into thread in Bengal and Assam

on the Charkha and Taku. Old women and small girls are engaged in

this work in cottages at their leisure time. We pay to a boy who spins

for us about E,s. 3-4-0 per month and he spins about one seer of spun

thread in a month. If we get the cocoons spun from outside, we pay at

the rate of Es. 3-8-0 per seer. The process of spinning is simple and can

be learnt itf less than ten days. One charka is available for Es. 2 and

a Taku for six pies. In Mysore and Kollegal very little spinning is done

and the cocoons are sold to the merchants for export. There is a great

demand for handspun silk cloth in India and there is no reason why
Mysore and Kollegal should not take to handspinning. If this is done,

some profitable work can be given to women and some new weavers also

will come into existence.

We are carrying on experiments both with vegetable and synthetic

dyes. Our experience is that vegetable dyes are extremely fast but dull

in appearance. It is difficult to procure all the materials and it takes

time to prepare extracts from vegetable dyes. The synthetic dyes are

sold on a large scale in the market. The process of dyeing is very easy

and the dyed stuffs are bright and glossy but the colour is not very fast.

Silk-weaving is more paying than cotton-weaving. The handlooins

which were once used for cotton can be profitably utilized for silk-weaving

as the principles of weaving cotton and silk are practically the same.

The cotton-weavers who have taken to other occupations can earn more

by the change. India imports a large quantity of silk fabrics. Skilled

labour and raw materials are available here. The only thing required

is capital and organization. We have got three handlooms and three

weavers whom we pay Es. 432 per year. We produce about Es. 2,000

worth of silk cloth in a year. We make a nett profit of Es. 500 per

annum. If deductions are made for the weaving experiments carried

out by us the profi't can be raised to Es. 700. There is a ready sale for

our goods and we are not in a position to supply even the Pusa market.

Our silk, like all indigenous silk goods, is very durable and the demand
for it is gradually increasing. Visitors coming to Pusa take a fancy to

our silk and many want to take it as a souvenir, but we have to refuse
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most of them, as our silk is woven for experiments to show what can be

done with different kinds of silk thread. Our silk could be sold easily if

our production were increased by five times. People can easily invest

their capital in a weaving centre and we can show them the way.

Many applicants from different provinces as well as from foreign

countries want silk from us but we transfer their requisitions to silk

merchants of different places.

[3Ir. De exhibited cocoons oj the various races and crosses mentioned in

his jpa'per.']

Our crying necessity in Madras is disease-free seed. The mulberry

cultivated with us is for multivoltine races. Have you any variety,

Mr. De, that yields as well as Mysore and that can stand disease ?

I cannot suggest a better variety than Mysore. Your own race is

the best, so you need not go in for new races.

The silk industry is going down and we badly want a disease-free

race. We have no market for reeled silk.

That is because the weavers in China and Japan can produce a

standard quality of thread and we in India have no arrangements for

producing thread of uniform thickness in large quantities.

You sent us a cross between Madagascar and Pusa races. What

do you think of that ?

It is superior to the Mysore race so far as disease is concerned. If

we breed Nistari and Mysore races under similar conditions we find

that the Nistari race stands the climate better than the Mysore but

Mysore gives a good result as regards yield. Many rearers in Bengal

want to get the Mysore race, but it is a little delicate. One maund of

the Mysore cocoons will give three seers of thread whilst one maund of

Nistari cocoons will give only two and a half seers.

We got a quantity of silk well reeled but found no market for it.

Silk is in such demand in India that large quantities have to be

imported. It is strange that you found no market for your silk.

Is it better to select or to hybridize to obtain a disease-free race ?

I have not worked on those lines.

44.—PEBRINE IN INDIA.

By C. M. Hutchinson, B.A., Imperial Agricultural Bacteriologist.

[This paper was given as an evening lecture illustrated by lantern-

slides from micro-photographs. This paper will be published separately

—

Editor.]
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5.-TIE ir^T ]\:nECD CF ELIMINATING PEBRINE FROM
THE MELTIVOLTINE SIIKWOEM EACES OF INDIA.

By M. N. De, Sericultiiral Assistant, Pusa.

(Plate 129.)

Introduction.

Pebrine is a disease caused by a species of sporozoa. It is a terrible

disease in silkworms. Almost all the domesticated species and varieties

of silkworms are attacked with it. The wild silkworm races are generally

more immune to this disease than the domesticated ones. It threatened

the existence of sericulture in Southern Europe in 1865. A crowd

of French and Italian savants began to investigate the inexpHcable

disease but no one was able to find out the true cause of it and suggest

any remedial measures. " Uncertainty was not less great when the

disease came to be studied. M. de Quatrefages, after a careful study,

had believed to be able to characterize it, through the existence in the

interior, but chiefly on the surface of the skin of the worms, of small

spots, resembhng sprinkling of black pepper and thus had given it the -

name ' Pebrine.' But experience showed that worms might have these

spots without having the disease. By continuing the study of the

disease contradictory results began to appear. Thus Messrs. Lebert

and Frey had estabhshed that in the interior of all the worms and

moths stricken with the disease, was a parasite visible only through a

microscope, the corpuscle observed first by M. Guerin Meneville, and of

which M. Cornalia has shown the pathological importance. But accord-

ing to M. Filippi these corpuscles existed normally in all butterflies."

A real progress, however, Avas made when M. Osino discovered the

corpuscles in the eggs of silkworms and when M. Vittadini had discovered

that their number increased in the eggs when the period of their hatching

approached. The means of selection so far obtained too often gave

from " good grain " bad results. Very often seed would be condemned

on uncertain grounds and rearers could not be blamed for not accepting

the advice of science. This was the situation in 1865, when M. Pasteur,

at the instance of M. Dumas, began his researches. Next to nothing

was known of the nature and cause of the disease and efforts to struggle

against it had remained fruitless.

The researches of M. Pasteur have entirely elucidated the problem

of the existing malady and led to a practical means sure to arrest it and

prevent its return. He clearly pointed out the cause of pebrine and its

remedy. Cellular seed and microscopic examination of each mother ijjjg pasteur

moth, i.e., the isolation of each mother in a separate cellule and method.
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microscopical examination of its juice after thoroughly crushing it in a
mortar and pestle. If pebrine spores are found in the juice then the eggs

laid by the moth should be destroyed but if no pebrine spores are seen

in the juice the eggS of that moth should be kept for reproduction.

This is the " pasteur cellular method." This method is generally

practised throughout the world for examination purposes both for univol-

tine and multivoltine races. The other method recommended is " the

The Italian method, double Zero of Italy." In this method both the male and female moths
are pounded together for microscopical examination and the eggs laid

by the mother-moth are thrown away if the juice contains pebrine

corpuscles. It should be noted that the male parent cannot transmit
the disease to the embryo and it is considered not advisable to examine
the father-moth as the price of the eggS becomes more expensive,

because eggs of healthy mothers but pebrmized fathers also are thrown
away.

The Industrial Methods.

Different methods are adopted in different countries as they are less

tedious and less expensive than the above two methods.

1. About 500 or more mother-moths are kept on a piece of paper
for depositing eggs. Forty or fifty moths out of this whole lot are

examined and if less than 5 per cent, of them are pebrinized the eggs

are kept for rearing and the cocoons obtained from these eggs are sold
>- for reeling and not used for reproductive purposes.

2. About 100 mother-moths are allowed to oviposit on a paper and
the moths are destroyed when the deposition is over. The paper con-

taining the eggs is rubbed off with the fingers when a certain number
of loose eggs is dropped from the paper and 50 of these eggs are taken

and crushed separately in 10 lots under mortars and pestles. Their

juice is then examined under a microscope. If pebrine corpuscles are

seen in more than 5 per cent, of these lots then all the eggs of the paper
are destroyed but they are kept for rearing if pebrine corpuscles are

not found in five or less than five of these lots. The cocoons obtained

from these eggs are generally not kept for reproductive purposes.

3. Sometimes eggs laid by moths, the mothers or grand-mothers
of which have been found free of pebrine, are distributed for industrial

rearing. Industrial eggs contain pebrine spores and they are not always
safe to rear.

The Bengal
^" ^^ *^^ Government nurseries of Bengal a modified system of

method. Pasteur has been recommended by Mr. N. G. Mukerji. Instead of

crushing the mother-moths in mortars and pestles he has advised to

crush them in paper as it is " less expensive." Now pebrine corpuscles
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may attack the mother-moths in the following parts :—(1) Alimentary
canal and its appendages, (2) Muscular system, (3) Adipose tissue, (4)
Membrane of the tracheae, (5) Reproductive organs, (6) Circulatory
system and blood, and (7) Nervous system. If pebrine corpuscles
remain in any of the above parts and that part is not crushed well then
the spores will not be found and the moths will be passed as healthy.
I have examined moths of the same lot on many occasions according
to the Pasteur method and the modified method of Pasteur as recom-
mended by Mr. Mukerji and I have seen on ahnost all occasions more
pebrinized mother-moths in the former method than m the latter. In
Mukerji's method all the parts are not crushed well and a cover gla^s
is not used for examining the juice and so pebrine corpuscles are not
found if they remain in the uncrushed part. About 10 per cent, of the
mother-moths which have been attacked with pebrine very slightly

generally go undetected. If the major portion of the juice is taken
from the colon only, as it appears from Bulletin No. 75 of Mr. Hutchinson
to be done in Bengal, the chance is that rather more than 20 per cent.,

of the moths which have been attacked with pebrine will go
undetected.

It should be noted that in the nurseries of Bengal seed cocoons are
sold instead of eggs. Sometimes a large percentage of the moths coming
out of the above seed cocoons contain pebrine corpuscles, which is

responsible for the failure of the crops. If disease-free eggg are sold
to the rearers after examining each moth separately, as Mysore and all

other countries of the world are doing, the failures can be obviated.
If the conservative rearers of Bengal, like their confreres of Mysore, get
good crops from eggs they would certainly prefer to have eggs ms'tead
of seed cocoons fi-om the nurseries. The tune has perhaps come when
we should stop supplying seed cocoons from the nurseries. They should
produce as many seed cocoons as the men in charge can examine when
the moths come out and not more. The industry will be greatly benefited
if responsible overseers are sent to each rearing village to examine the
moths of all the rearers and allow them to rear the healthy eggs only.
The rearers will gladly bring their moths for examination if an arrange-
ment is made to examine them in a central place.

The rearers of Bengal are suppHed with " industrial seeds " and not
with healthy eggs and so it cannot be said that the Pasteur system of
examination has failed there. ,Only a modified method of Pasteur
as recommended by Mr. Mukerji has been tried there and not the
Pasteur system in toto. It has not failed in any other country the cli-

matic conditions of which are similar to those of India. If any examiner
in Bengal takes it into his head to examine the major portion of the^
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fluid only from the colon for microscopical examination, tlie examiner

must be found fault with and not the system.

Mr. Hutchinson's 5_ Recently another modified method of Pasteur has been recom-
method.

mended to be practised in India and elsewhere {vide Bulletin No, 75,

the Pebrine disease of silkworms in India, by Mr. C. M. Hutchinson,

Imperial Agricultural Bacteriologist, Agricultural Research Institute,

Pusa). In this method " a minute portion of the gut, removed on the

needle and rubbed with water on the slide," is examined under the

microscope. If it contains pebrine spores the eggs laid by the moth

are destroyed but if no pebrine Spores are seen the eggs are kept for

reproductive purposes. This modified method is said to be Superior to

all other existing methods. I have made a comparative Study of this

modified method and the Pasteur method. The number of pebrinized

and healthy mother-moths as observed by me are enumerated in the

Tables on next page. The eggs of these consignments were from diseased

stocks.

Thus out of 598 moths examined according to the Pasteur method

I found 459 pebrinized moths and 139 healthy ones and out of the same

number examined according to the modified method of Pasteur as advised

by Mr. Hutchinson, I found 455 pebrinized moths and 143 healthy ones.

The latter method takes a longer time than the former but does not

appear to be more effective. It should be noted in this connection that

one examiner can examine the following number of moths in different

countries in one day of eight hours :

—

Pasteur method

—

France 1,000-1,200

(
Vide Manud Pratique du Sericulture by Alp. Blanchan.

Number of working hours per day has not been men-

tioned
)

Japan 700-900

Kashmir . . 700-900

Mysore 600

Mukerji's method

—

Bengal '

. . . 250-300

Hutchinson's method

—

Pusa 200-250

Vide Proceedings of the 37th Regultir Meeting of the

Bengal Silk Committee held in Calcutta on 5th July

1918.

I examined 300 moths in 8 hours according to the last method.
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In the Table on next page I have given the results of my examina-

tion of the gut only according to Hutchinson's method and then the

same gut is crushed with the body of the moth and the juice is ex-

amined according to the Pasteur method to ^ee in which system more

pebrinized moths are detected. The eggs were from diseased stocks.

Thus out of 844 moths the gut only of which was first examined and

the same gut was crushed with the body of the same moth and

examined separately 333 and 334 pebrinized moths respectively were

detected.

In about 2 per cent, of the pebrinized moths I have seen more pebrine

spores in the body excluding the gut but very few in the gut. In about

13 per cent, of the moths more pebrine corpuscles were seen in the gut

than when the whole body including the gut was crushed. In about

85 per cent, the proportion of pebrine was equal. The corpuscles were

distributed in the body-juice when the body including the gut was

crushed and there was no difiiculty in detecting them. In very few

cases one or two pebrine corpuscles were detected in the gut but not

a single one in the body-juice. In rare cases I have noticed one or two-

corpuscles in the body-juice but not a single one in the gut. I had

to throw away rather more than 5 per cent, of the moths as their gut&

could not be distinguished on account of decomposition of the moths.

I have also noticed that if the entire gut is not crushed well and a minute

part of it is taken by a needle and examined as advised by Mr. Hutchinson

pebrine spores may escape notice when the infection is very mild ; if

it is crushed thoroughly it is possible to detect a few Spores in about

two or three per cent, of the moths where the Pasteur method may fail

to detect them if the moths are not treated as stated later on. {Vide

Bulletin No. 74 also, written by me.)

It has been noticed that when the moths are infected with pebrine

acutely or moderately there is no difiiculty in detecting pebrine cor-

puscles by either of the methods ; but when the mfection is very mild

the detection becomes difiicult by both the methods and in a few cases it

takes more time if examined according to the Pasteur method. This

difiiculty is obviated if the mother-moths are kept at about 70°-90°F.

for about five or six days after oviposition. The contents of the colon

are dried up if the moths are kept at about 160° to 180°F. for about

three or four hours before examination. The moths in the above table

could not be dried well as it would have been difiicult to separate the

gut from the body. I have noticed that the multiplication of pebrine

corpuscles is more rapid from l\Iay to October than from November to

April. In summer they propagate quickly but their multiplication is
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slow in winter. In cold countries they multiply slowly but- in hot coun-
tries they multiply rapidly. {Vide PuSa Bulletin^, Nos. 48 and 74.)

We hope that Mr. Hutchinson, by his further researches, will be
able to find out a method which is more economical and effective than
the Pasteur method.

Comparison and Criticism of the Various Methods.
The Pasteur method. It is Simple, effective and economical. The

moths are crushed by boys and girls after a week's practice. In France
and in some places in Japan crushing machined containing about 100
.=mall mortars and pestles are used for crushing 100 moths at a time.

The double Zero of Italy. It is a simple, effective but does not appear
to be as economical as the Pasteur method because the eggs of a healthy
mother but a pebrinized father which cannot transmit the disease to
the progeny are also thro\^Ti away. This method can be found suitable
for improving and regenerating a race.

The Industrial methods. All industrial methods are very simple
and " economical " but they are not effective at all. Industrial eggs
contain pebrine spores and they are not safe to rear as cocoon crops
matj/ail because it is not .hnoivn to what extent the eggs are pebrmized.

The Bengal method as modified bij Mr. MuJcerji. It is very simple
and " economical " but not so effective as the Pasteur system because
all the parts of the moths are not crashed well and cover glasses are
not used at the time of Examining the juice. Pebrine spores escape
notice if they are in the uncrushed parts when the infection is very
mild. The moths can be crushed by ordinary labourers after a few
days' practice and an ordinary microscopist can examine 800—1,200
moths in a day of eight hours if he is supplied with a microscope ivhich
IS ]}rovided with a " rough adjustment screw."

The tnodified method of Pasteur as recommended by Mr. Hutchinson.
The method is laborious and is not economical. The siystem does not
seem to be more effective than the Pasteur method. An overseer must
be trained to remove the gut. It takes time to take out a minute part
of it on the slide with a needle. There will be waste of eggs as about
10 per cent, of the moths are to be thrown away if they are decom-
posed or dried up because it would not be possible to distinguish their
guts. An irresponsible overseer can take out any part of the body ivhich
is free from pebrine, instead of the mid-gut tvhen the infection is very mild
there but acute in the ovaries and pass the diseased moth as healthy.
The only advantage in this system is that when the infection is mild
in the mid-gut it will take little time and attention for the detection of
the spores whereas according to the Pasteur method more time and

2c2
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attention will be required and in a few cases the spores may go unnoticed

if the moths are not treated as stated later on. This " efficiency,'" secured

at the cost of risk and economy, does not appear to he commensurate with the

advantage obtained.

Comparison of the Pasteur Method and the Modified Method of

Pasteur as recommended by Mr. Hutchinson.

According to the Pasteur method of examination one microscopist

with the help of two labourers to crush the moths can examime about

800-1,200 moths in a day of 8 hours. For examining the same 800

moths according to Mr. Hutchinson's method the same microscopist

will require the assistance of at least two responsible overseers. In other

words, for examining 800 moths according to the Pasteur method the

cost will be about one rupee whereas, according to Mr. Hutchinson's

method the cost will be two rupees. But time is more valuable when

the multivoltine moths are to be examined. If examination is done

according to the Pasteur method three trained overseers will examine

about 2,400 moths in a day whereas the same men will require about

three days to examine the moths according to Mr. Hutchinson's method

and, if they cannot examine all of them, the eggs of unexamined moths

have to be destroyed as they will hatch on the eighth or ninth day in

summer. One advantage of this method is that the examination can

be commenced on the first day after oviposition whereas according to

the Pasteur method it would be better if the examination is postponed

for three or four days. Pasteur himself advised to wait for a few days

instead of examining the gut.

The gut theory is not a new one. It is as old as Pasteur. All the

sericulturists of different countries where multivoltine races are reared

and whose climatic conditions are similar to those of India know it but

they have preferred the Pasteur method a^ recommended by him and

rejected the method of examining the gut. The following letter, which

is a translation of Mr. Lambert's letter in French, corroborates the

above statements.

Translation of Mr. Lambert's letter dated the 13th April, 1918. {He is

the Director of the Station Sericicole, Mo7itpellier, France.)

"1. Generally speaking, the surest means for detecting the pebrine

germ is in fact to examine the stomach or the mid-intestine of the cater-

pillar. This is the method advised by Pasteur himself for the examina-

tion of pupae in the bodies of which the abundance of fatty globules

render the search more difficult, as the corpuscles are less numerous





Page S19. PLATE 129.

l?0fis/ii View VEf^TRAL Vf£W

Otrarian 7a6es''^^\i)^fYkW Ouan'anlubes'

Colon

Figs. 1 and 2.—Rough dissection of a silkworm molh [Bombyx mori).

Ovary
( fVA ciirnem. ta ru)

*
ALIMENTARY CANAL "

-*

Fig. 3.—Section through full-grown mulberry silkworm.



PROCEEDINGS OF THE THIRD ENTOMOLOGICAL MEETING 819

than in the moths. In the pupse the corpuscles get mingled up with the

globules and so at a cursory examination one is likely to confound the

corpuscles with the fatty globules. But that method is a long one and

for the moth one prefers to wait a few days after oviposition before

proceeding to the examination in order to give to the parasite time

enough to multiply itself and to propagate itself sufficiently, thus

infecting the entire body of the moth and so simplifying the work.

The corpuscles are then very abundant and one can detect them at the

first glance without any difficulty. Besides, in the moths, even when

taken immediately after the termination of oviposition, the corpuscles

are already sufficiently abundant in the cases of pebrinized subjects so

that it may be very easy to distinguish them.

2. The examination of the mid-intestine or the Stomach is preferable

when it is intended to examine the pupse. Pasteur has in fact advised

similarly. For the moth this is not at all necessary and this process

will be a very long one.

3. As I have said, the corpuscles since the maturity of the worms

(during the time of the formation of the cocoon in the pupal period and

during the life of the female moth until after the oviposition) have had

time to multiply themselves. They have multiplied in abundance in

the body of the animal and one can detect them without difficulty.

Thus, by limiting the examination to the stomach of the moth, one

would prolong without any utihty the duration of the operation for

microscopic examination, in which the graineur has a great economic

interest to curtail and simplify the work as much as possible."

This is true in Indian climatic conditions also. Our figures in the

Tables corroborate the above statement. Pebrine scores cannot he Nature of Pebrine.

transmitted to the embnjo if they are confined to the mid-gut. If egg-cells

are free from pebrine then they cannot contain any spores in them

when they are developed into eggs as the corpuscles cannot infect the

emb yo through the chorion. // the ovary is infected tvith pebrine after

the formation of the chorion the moths will lay perfectly healthy eggs ; some

pebrine spores may adhere on the outer shells but they cannot infect the

embryo. These spores are removed by washing the eggs with water.

Pebrine is not hereditary in this sense. • When the infection is very mild

in the gut and if we fail to detect pebrine bodies in the ovaries the spores •

will not be able to transmit them to the progeny. If the egg-cells of

pupse are infested with pebrine then in 99 cases out of 100 the spores

will multiply in large numbers and the detection becomes easy when

the moths are examined on the fifth or sixth day after oviposition.

No one can say definitely that a certain moth is perfectly healthy and

is quite free from pebrine spores unless all the body-juice including
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the gut is examined drop by drop till all the juice is exhausted. This

will take about an hour for examining a single moth ; but there

is no earthly use to have such a strict examination unless especially

required for some experimental purposes. Pebrine cannot be eradicated

once for all. It is sure to come in the next generation through

leaves. The Pasteur system is defective in this sense if any one want&

to use the word.

Views expressed by Various Authorities.

Infection may take place through (1) heredity, i.e., from mother-

moth to egg-cell which is developed into an embryo, (2) food and so

throuo-h the alimentary canal, and through (3) wounds in the chitin in

the caterpillar stage.

It appears that there is no difference between the organism (pebrine)

in the silkworms of India and of other countries. No one in India has

found anything which is unlike that of other countries although the

European varieties when attacked with pebrine, show pencil marks

on the skin, but the worms of India, Siam, China and Japan generally

do not show these spots. The life-history of Nosema hombycis (pebrine)

seems to be the same in all countries and in all stages. The pebrine cor-

puscles in Indian silkworms are a little smaller than those of Euroi^e.

1. Heredity Infection through mother.

" The egg of a pebrinized mother-moth carries the germ of pebrine

in consequence of the parasitic gro\\-th of the organism in the female

generative organ. The spore is often parasitic to the egg-cell and is

often enveloped by the shell while the egg develops ; otherwise, it atta-

ches itself to the surface of the egg." {Vide The Silk Industry of Japan

by I. Honda, Director of the Imperial Tokyo Sericultural Institute,

1909, page 120.) According to Dr. C. Sasaki, Professor of Sericulture

and Entomology at the Agricultural College, Tokyo Imperial University,

in his letter to me of the 25th June 1918, " Pebrine is not hereditary,

but only transmitted from mother to the offsprings. The spores are

found in any part of the embryo and not confined to a particular part.

The spores germinate in every tissue of the silkworms when they are

introduced from the infected eggs, but when a non-infected or healthy

worm receives the spores in its stomach, then they will germinate in the

stomach." But according to Monsieur F. Lambert, Director of the

Station Sericicole, Montpellier, in his letter to me of the 23rd April 1918,

" L ' invahissement du ver par les corpuscles de la pebrine commence

toujours par le tube digestif, meme dans la transmission par le papillon.
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femelle dont les ovaires sent envahis ; de la le parasite gagne tous les

autres organes du ver sans exception."

If we accept the theory of Dr. Sasaki, then a caterpillar which has

been infected with pebrine in the embryo, hatches out with pebrine in

its organs. If the disease is acute, pebrine spores may be seen only in

a part of the tissues of one of its organs, in the whole organ or in all

the organs and in the worst case it will die of exhaustion before maturity.

If the caterpillar is very mildly infested and if the surrounding conditions

are favourable for the growth of the pebrine corpuscles the worm may
die of the disease, but if the conditions are not favourable then a case

may happen in which pebrine corpuscles may remain in the generative

organ only ; so that hereditary elimination of pebrine is not possible

in all cases if the mid-gut only is examined. Our experience at Pusa

is that we can get perfectly healthy caterpillars and moths from the

eggs of a pebrinized mother-moth, whose ovaries have been affected

with pebrine, if the worms are carefully attended to.

I have reared eggs of pebrinized moths rather carelessly and examined

the body of the caterpillars excluding the alimentary canals and the

alimentary canals separately from the third to the fifth stages. In 175

cases I could not see any pebrine spores in either of them. In 11 cases I

saw innumerable spores in the alimentary canal but very few in the

body. In 89 cases I found innumerable spores in the body but few in

the alimentary canal.

If the leaves are smeared with pebrine spores and then fed to the

worms of the 5th stage they consume a large quantity of spores and
naturally more pebrine corpuscles are found in the gut than in the body
cavity when the worms are changed into moths.

25 layings of the Mysore race, laid by moths which were infected

with pebrine very mildly (only one spore and sometimes not a single

one was visible in a field of the microscope at the time of the examination

of the moths), were reared in March. The worms were quite healthy

and about 4 per cent, of the moths were found to be pebrinized.

2. Iftfection through food.

Pasteur and other savants observed long ago that silkworms are

infected with pebrine by taking the pebrine corpuscles with leaves.

The absorption of food takes place in the alimentary canal and naturally

the corpuscles at first multiply in that part of the wall of the alimentary

canal which has been infested first and then they attack the organs

close to it. The multiplication of pebrine will not be necessarily in all

the parts of the alimentary canal first and then in other organs. Cases

may occur in which infection is very mild in the mid-gut and detection
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of the spores by Mr. Hutclimson's method is not possible, but acute in

the ovaries and egg-cells. Such cases, which should not he allowed to go

^undetected, can be easily noticed by the Pasteur method. As a rule pebrine

spores are seen more in the fatty tissues, muscles and membranes of

the tracheal branches of silkworms than in the gut, though in Afis

mellifera pebrine spores are always confined to the gut and malpighian

vessels. " Pasteur himself advised to examine the alimentary canal

of the caterpillars and pupse, as it is difficult to detect the pebrine

corpuscles when they remain mixed up' with the innumerable fatty

globules because the multiplication of the spores is limited at the time,

but in the case of moths he has advocated the examination of the entire

moth and not the alimentary canal only as pebrine bodies would multiply

sufficiently in this stage " {vide Mr. Lambert's letter, quoted ante)

If pebrine corpuscles infest only the mid-gut and not the female genera-

tive organ they will exercise the same influence over the progeny as

the sperm of a pebrinized father-moth, which is generally not examined

for elimination of hereditary pebrine. The corpuscles cannot be trans-

ferred in the egg-cell if only the mid-gut is affected with them ; they can

only be transferred in the egg-cell if the female generative organ is affected

,

and hence that organ must be examined for elimination of hereditary

pebrine. The above savants did not think it safe to examine the gut only

or any particular part for elimination of hereditary pebrine.

Mr. Honda, in his letter to me of the 17th May 1918, writes " Whe-
ther or not there is any other way to infect than the alimentary canal is a

question which we cannot yet decide. However, I don't hesitate to assert

that the normal way is the alimentary canal."

3. Infection through ivounds in fJie Chitin.

Silkworms may be attacked with pebrine (though rarely) through

wounds in the chitin and then to the various internal organs.

M. Pasteur observed pebrine bodies through wounds in the skin

by infecting pebrine corpuscles with a needle. He says in his Etudes

sur la maladie des vers a 50/e, page 130, published in 1870, " Dans le lot

temoin, pas un seul des papillonsn'a offert la moindre trace de corpuscles,

Dans le lot contagione par la nourriture, tons les paj)illons, sans excep-

tion, furent corpusculeause de 100 a 200 corpuscles par champ.
" Enfin dans le lot contagionne a I'aide de blessures injectees, sept

papillons seulement offrirent des corpuscules, de 50 a 200 par champ.
" Le contagion par piqures infectees a done lieu, mais elle est moins

sure que par le canal intestinal, ce a quoi il faillait s'attendre, parceque

le sang qui de la blessure ne laisse pas touj ours penetrer les corpuscules

qu'on cherche a inoculer."
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In all rearings, when a large number of worms is cultivated, they

crawl one upon another and scratch the skin with the claws of their legs

and in this way wounds are made in the skin. Many worms of a big

rearing carry such wounded spots which may not be visible in a small

rearing. Kegarding this point Pasteur says in the above book :

—

" Ces blessures sont faites principalement par I'extremite des six

crochets qui terminent les pattes des anneaux anterieurs de la larve. A
I'epoque de la montee a la bruyere il est rare de trouver une education

industrielle dont tous les vers ne portent pas de ces taches de piqures.

Je ne reviendrai pas ici sur les preuves peremtoires que j'ai donnees

dans le paragraphe pricite pour demontrer que ces taches sont unique-

ment produites par le'fait de la vie en commun des vers."

If there are pebrinized worms in the rearing their faeces will contain

pebrine spores which may enter through these wounds and attack the

internal organs where they will multiply. Kegarding this point Pasteur

goes on in the same book :

—

' qu'un ver enfonce les crochets de ses pattes anterieures, ici dans

un crottin, la dans un ver corpusculeux qu'il aille ensuite, de ces memes
crochets, piquer un ver sain, il n'en faudra pas davantage pour que ce

dernier soit contagionne. Prenez, dans \lt» education ou regne la

pebrine, des vers quelconques, et lavez dans une goutte d'eau I'extremite

des crochets qui terminent les pattes; la goutte d'eau. vous montrera

ensuite au microscope un assez grand nombre de corpuscules."

Mr. P. Vieil in his Sericulture, Edition 1905 {Encyclo'pedie agricole),

page 131, says about these wounds :

—

" Le plus souvent a la surface de la peau des vers malades on

remarque des taches noires disseminees irregulierement, ce qui a fait

donner a la maladie le nom de pebrine. II ne faut pas confondre ces

taches avec les cicatrices des blessures que se font mutuellement les

vers avec I'ongle terminal des pattes anterieures."

Mr. I. Honda, Director of the Sericultural College, Tokyo, has \\Titten

to me the following in his letter of the 8th May 1917, " larvae are attacked

by pebrine chiefly through the mouth or rarely wounds of skin."

Mr. Aomori, Professor of Sericulture, in his Japanese book on

"Diseases of silkworms" has corroborated the statement of Mr. Honda.

Dr. C. Sasaki has written to me the following in his letter of the

25th June 1918 :

—
" I do not know whether the spores are introduced

into the silkworms from wounds or not ; but if we inject the spores

into the body of silkworms they will germinate in the body of the host."

According to Mr. Lambert, caterpillars cannot be infected through

the skin.
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I took 100 healthy worms of the third stage and injected pebrine

spores with a hypodermic syringe. Ahput 70 worms died of wounds but

gix worms showed a very small number of pebrine spores. In another

lot 100 healthy worms of the same consignment were reared for control

of which two only were attacked with pebrine. I repeated the above

experiment with 100 worms. Eighty-nine of them died of wounds but

I could not find a single pebrinized worm out of the eleven surviving

ones on the fifth day after injection. The failure of contagion in this

case is perhaps due to the following causes :—(1) At the time of inocula-

tion blood comes out of the wound and does not allow the pebrine cor-

puscles to penetrate inside. (2) The lymph cells of the worms could also

eat the spores and thus the worms got rid of the corpuscles. (3) When
worms get the infection through wounds, their tissues and muscles are

attacked and then the ovaries.

Regarding the development of the reproductive organs, P. Vieil

in his book on Sericulture, pp. 109-110, says :

—

" Les tissus hypodermiques et adipeux, les trachees, les muscles,

vont se desogreger et former une sorte de bouillie composee d"une infinite

de cellules qui se rapproche de la substance vitelline de I'oeuf

Aux depens de cette bouillie, d'autres muscles, d'autres teguments,

de nouvelles trachees vont se former et les organes reproducteurs vont

s'accroitre."

If the reproductive organ and not the mid-gut is attacked through

wounds the new method fails to eliminate the hereditary infection of

pebrine corpuscles.

Summary of conclusions.

From what has been said above we come to following conclusions:

—

1. Infection can take place in .three possible ways,

(1) By heredity,

(2) By eating the pebrine spores with leaves,

(3) By infection through wounds.

2. It is possible that by proper care the progeny of a pebrinized

mother, whose ovaries have been infested with pebrine, may be cured

of the disease ; but there is always risk of breeding from a diseased stock.

3. In almost all cases of early infection the spores are so abundant

in the moth that they can easily be detected by the Pasteur method.

4. If infection takes place through food on the day of spinning (after

that th« worms cannot be infected through food) the organism gets at

least 15 days' time to multiply, which time is sufl&cient for the multi-

plication of the spores provided the surrounding conditions are favour-

f
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able for their propagation, and they can be detected easily by the Pasteur
method.

5. In cases of very mild attack when the spores are limited to the
gut it is certainly true that the corpuscles may escape detection by the

Pasteur method when it is possible to detect them by Mr. Hutchinson's
method, but it is open to question how far the ovaries are attacked in

such cases. If planont, schizont or meront—the undeveloping forms
of pebrine—remain in the ovaries it is natural to expect at least

some fully-developed forms also which will be detected at once.

G As hereditary infection takes "p^ace through the ovaries only any
method which does not take them into consideration does not seem to he

infallible.

7. The male parent cannot transmit the disease to the progeny :

therefore the examination of the male is not essential. The sperm of a
pebrinized male will exercise the same influence over the progeny as. the

spores of a pebrinized mother if they are limited to the gut and other

organs excluding the ovaries. Pebrine is not hereditary, but only

transmitted from mother to the offspring.

8. Multivoltine mother-moths must be examined within seven or

eight days after oviposition. In summer many moths dry up in five

or six days and during the rains many are decomposed in about three

or four days, when it becomes difficult to find out the mid-gut. About
10 per cent, of the mother-moths and therefore their eggs have to be

thrown away as their guts cannot be taken out on account of -decom-

position and drying up of the moths. If examination is done according

to the Pasteur method the above moths can be examined. If the examiner

takes out any tissue from the body of the moth ichich is immune to Pebrine

scores instead of the mid-gut which is mildly infected with pebrine, he will

fail to detect the iJebrine sjyores though the ovaries are attacked with them .

The gut must be crushed well. If a minute part of it is taken as advised

by Mr. Hutchinson then some pebrinized moths may go undetected.

It appears to me that better results would be obtained if the moths are

treated and examined as under :

—

On the fourth or fifth day after oviposition a mother-moth should

be placed on a thick paper. The middle part of the abdomen between

the colon and the mid-gut should be held from behind the paper with

the thumb and forefinger of the left hand and the thorax should be

caught and separated from the abdomen by means of the thumb and
forefinger of the right hand. If the middle part is pressed now, then

the ovarian tubes and gut will come out of the interior part of the

abdomen and the contents of the colon will come out of the anus. (If by
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ohance tlie fingers are soiled with the juice they should be washed with
water at once.) A few drops of 5 per cent, solution of caustic potash
should be put on the ovarian tubes and the gut which should be
rubbed well with a slide so that the ovarian tubes are crushed and the

gut also is mixed up with the solution. This juice should be taken with
the same slide and should be examined with the help of a cover-
glass. Dry and decomposed moths should be crushed in mortars and
pestles. A labourer can learn the work in a day or two. One microscopic

t

will be able to examine 800-1,200 moths in a day of eight hours. I do
not advise the examination of the moths before the third or fourth day
after oviposition unless eggs are required to be sent to some distant

place.

It should be noted that there is some risk in allowing irresponsible

men to prepare the slides as described above. If the examiner prepares
the slides he will be able to examine about 500 moths in a day of eight

hours.

9. If the infection is possible through wounds in the skin the examina-
tion of the whole moth or the ovaries can be the only sure test of the
disease. In such cases it is probable that the infection may not have
reached the stomach or gut.

10. The Pasteur system is not perfect and there is room for improve-
ment. We will gladly accept any system which is more effective and at

the same time economical. The modified method of Pasteur as recom-
mended by Mr. Hutchinson is certainly more effective than the Bengal
method. It is as effective as the Pasteur method but it is open to ques-

tion whether it can be adopted commercially, at any rate under the

present conditions. In the words of Mr. Lambert (one of the pupils of

Mr. Pasteur and who had the advantage of working under him and who
is one of the greatest living sericultural authorities), Director of the

Station Sericicole, Montpellier, France, in his letter to me of the 13th
April, 1918 {vide quoted above), " No useful purpose would be served

by limiting the examination to the gut. Every one wants to have a

method which is simple and economical. The gut theory is^not a new
one. It is as old as Pasteur himself. He preferred to wait for the

examination of the moths for a few days instead of examining the gut."

All sericulturists from the time of Pasteur knew that infection takes

place through leaves and hence through the alimentary canal but they
did not think it advisable to examine only the mid-gut. The mullivol-

tine mother moths are examined according to th?. Pasteur method in flaces

like Jafan, China, Siam, French Indo-China, Madagascar^ etc. If
we try the Pasteur method in India the disease will he controlled as it is

being done in the above countries.
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11. Taking everything into consideration, the multivoltine mother-

moths of India should be crushed in mortars and pestles as recommended
by Pasteur. For easy and rapid detection of pebrine corpuscles the

moths should be treated in the following way as practised in some coun-

tries. In Japan multivoltine moths are examined with or without

drying. In many countries the multivoltine moths are examined with-

out drying.

(a) Fifty or sixty mother-moths are placed on a paper after separa-

ting the pairs. The paper is shaken by holding one of ita

ends. The moths will excrete liquid so that there will not be
much exudation of the colon at the time of crushing them
for microscopical examination. Then they are allowed to lay

(6) The mother moths are then isolated in paper bags on the first

night after oviposition at about 80°-95°F. for about four

or five days and then dried for three or four hours at about

160°-180°F. This will help the multiplication of pebrine

corpuscles and the contents of the colon also will be dried

up. The number of the bag containing a moth should

correspond with the number of the laying oviposited by it

so that the eggs laid by each moth can be ascertained.

(c) The moths are examined on the fifth or sixth day after oviposi-

tion after removing the wings. They are thoroughly crushed

in glass or forcelain mortars and "pestles with a few drops of

5 per cent, solution of caustic potash which dissolves the fat-

bodies to a great extent.

12. The nurseries should sell healthy eggs and not seed cocoons.

The industry will be greatly benefited if responsible overseers are sent

to each rearing village to examine the moths of all the rearers and pro-

fessional cocoon-sellers and allow them to rear the healthy eggs only.

The rearers will gladly bring their moths for examination if an arrange-

ment is made to examine them in a central place. Instead of producing

seed-cocoons on a large scale the energy of the overseers should be diver-

ted to this direction.

It must be conceded, as pointed out by Mr. Hutchinson in his Bulletin

No. 75, that after fifty years' practice of the Pasteur method the disease

has not been eradicated in France. The Pasteur method has so far

only succeeded in controlling the disease. If it is possible to eradicate

it altogether such scientific methods as that of Mr. Hutchinson would
be a great help to the sericulturist. At present we do not know all

that we should know about the origin of the disease and of its other
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possible hosts, whicli factors are essential for a successful attempt

to eradicate the disease. As things are at present in India, an expensive
.

scientific method is not likely to be popular amongst the rearers who

would naturally go in for eggs which are cheap and reasonably free from

disease. Let us hope that in the near future new methods of detection

of pebrine, backed by legislation, may help us in successfully combating

this terrible disease. It will be only then that India will regain her

former position amongst the great silk-producing countries of the

world.

Mr. Chaudhuri. I would like to make a few remarks on the observations made by

Mr. De on the pebrine diseases of silkworms in his paper. I had intended

to deal with it more in detail as Mr. De had brought forward many

observations with which 1 did not agree. But, as we have already had

the advantage of listening to the instructive lecture of Mr. C. M.

Hutchinson on the same subject I think it will be unnecessary for me

to brinfy forward again some of those points before you. In the first

place I cannot possibly be expected to explain them as the learned

speaker had stated. Besides, I think sufficient light has been thrown

on most of the important points in connection with the advantages of

the gut examination of moths. I would therefore confine myself to

pointing out some points which I have observed in the course of my

practical experience in the nurseries under my supervision.

Mr. De in his paper has stated that in Bengal we do not follow, strictly

speaking, the Pasteur system of the examination of moths. He lays

the blame on us on the ground that we use paper for crushing the moths

instead of using pestles and mortars for the same purpose. I am not

aware that there is any cogent reason for making this assertion, for,

if I am not mistaken, what Pasteur stated was that the moths should

be sufficiently crushed. In one of his Bulletins Mr. De has clearly stated

that the crushing should be done w^ith paper. This again he wrote

while describing the Pasteur system. It seems that since the publica-

tion of his Bulletin he has changed his opinion. But simply on

account of his change in views I cannot see any justification in asserting

that in Bengal the system adopted in the nurseries is not the Pasteur

system simply because we do happen to have substituted paper for

pestles and mortars. So far as my experience goes I have not found

that the.use of paper has been a great' drawback for crushing the moths

sufficiently well and I do not think that it will help us in any other Avay

than by introducing a more laborious and uneconomical process. Regard-

in<y the opinion expressed by Monsieur Lambert in his letter to

Mr. De, I am of opinion that M. Lambert probably did not consider the

conditions under which we have to labour in India. M. Lambert ex-
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presses the opinion that a moth examined on the day after oviposition will

he sufficiently infected to enable one to detect the pebrine corpuscles.

I cannot possibly think this to tally with our results. Mr. N. G. Mukerj ee

in his Handbook of Sericulture clearly stated that no examination, except-

ing that in the winter season, can be said to be perfect, for in other

seasons the number of days at our disposal for the examination is too

short to enable the development to be sufficiently advanced so as to be

detected in the earlier stages of the moths. This is quite true, as we
iave ourselves noticed that the percentage of pebrine increases—or

rather, the detection becomes more efficient—the longer we wait (as

long as possible) and have our examinations on the day previous to

hatching, or, if we have too many moths to examine, this is done a day

or two earlier but seldom before the sixth day. Even with such strict

measures we are helpless in combatting this disease to a large extent.

Had it not been for the elucidation of this problem ' by the work of

Mr. C. M. Hutchinson we would have been at a loss to account for the

reasons. Mr. Hutchinson's experiments have enabled us to ascertain the

causes and at the same time have offered an easy solution to this difficult

problem.

In our examinations of the pupae we have not been able to estimate

properly the exact nature of the proportion of the disease. For selecting

a lot for seed-purposes we generally try a number of pupae and if the

percentage be above two to three per cent, in the pupae the lot is re-

jected altogether for seed-purposes and subsequent examination in the

moth stage. A fresh lot is selected. In many cases even when the

pupae showed no pebrine, it afterwards turned out that the moths
had shown about 10 per cent, disease. There can be no question of the

drawbacks for using paper in the case of pupae. The examination of

the guts, however, revealed the existence of pebrine.

In Europe, where univoltine races are reared, there \i a lesser accu-

mulation of pebrine germs for infection before the next rearing is com-
menced. So that the chances of outward infection are very little, whilst

in Bengal, where multivoltine races are reared, the germs are constantly

being accumulated, as one crop follows another in quick succession.

In our May to August crops the larval period is finished in twenty days
and the moth emerges out of the cocoon within seven to eight days.

There is nothing analogous to Such rearings in Europe. Apart from
these facts, the conditions in India are not similar to European condi-

tions. I would like also to point out that even in Europe with all such
advantages pebrine has not been totally eUminated from scientific

grainages. This may not necessitate such strict measures in Europe ag
they are more favourably circumstanced than what we may expect to
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be in Bengal. Kashmir may be compared with Europe so far as these

advantages are concerned so as to get an instance near at hand. But

I understand that even now they have not been able to successfully

introduce their own seeds in Kashmir.

In my Hill experiments I had noticed that a diseased lot had shown

lesser percentage of disease when reared in the Hills after examination

according to the system prevalent in Bengal. But the control reared

at Berhampore showed more percentage of disease although reared

after similar examination. It may be said that in the Plains the chances

for outward infection are greater or it may be that the conditions

are not so favourable for the disease to have multiphed rapidly. In any

case the conditions are likely to have played a very important part

so that the infection of pebrine was higher in one case than in the

other.

From what Mr. De has quoted from Monsieur Lambert's letter

regarding the examination of the gut in the case of the pupse as an

effective method, I think the conditions under which we have to labour

in India are such that we may consider our position, so far as the time

available for the development of pebrine is concerned, as practically the

same for the pupal stage in Europe and the pupal plus the moth stage

in India, owmg to the cycles being finished within a very short period.

I have had amfle opportunities of closely following the method

advocated by Mr. Hutchinson. I have studied the various points in

connection with the technique of this problem. So far as practical

appHcation is concerned I have tried minutely to examine the relative

importance of both the methods by actual trials in the nurseries under

me. I submit below some results of my examinations which I had

already submitted to the Bengal Silk Committee meetings. I would

like however, to point out that in each case I have given the figures of

the examination of two overseers who have been helping me in examina-

tions in the nurseries. This has been purposely done so as to test the

actual figures according to the average possible for the nursery staff

in Bengal. The examinations were done under my supervision and the

good moths passed by them again re-checked by me so as to avoid any

possibility of error. I might add that in each case the percentage was

derived from a number of 250 to 300 moths.

The examination figures of the summer and rainy Seasons are shown,

as this is the time when the difficulties are more pronounced, as the

winter crops are not so unfavourable for a reliable examination.

I am giving only two instances, although we had made a number

of tests. In one lot examined on the fourth day after the emergence

of the moths, according to Mr. Hutchinson's method we obtained 9
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per cent, pebrine against 3 per cent, by the old system. The average •

number examined by one man in one hour came to 46 whilst in the case

of the old system it was 57.

The examination of the second lot on the seventh day after the

emergence of the moths showed 21 per cent, for the gut examination and
10 per cent, for the other. The rate of examination per hour was 42

in the case of the gut against 72 of the other.

The percentage of detection is so high as to render the question of

time altogether a negligible factor. If for economising time and labour

we are ready to leave behind at least 50 per cent, of the diseased specimens

in our seeds I doubt whether we can ever expect to combat the ravages

caused by this disease.

The figures put forward by Mr. De in his paper are taken from his

winter examinations of November-December-January crops, when
conditions are favourable for the Pasteur examination, and do not test

"^

its efficiency for use in the Eains. My figures are from the May-July
crops, which is the period when these difficulties occur. Besides that,

in Mr. De's examinations the percentage of disease was so high as 70 to

80 per cent, diseased so that any "method of examination would have
found pebrine. This high percentagd' in the Pusa Silk-house does not
reflect credit on the method adopted there for eliminating the disease.

It has been stated by Mr. De that in Bengal the rate of examination

is very slow. But I think it very necessary that we should not examine
at a very high speed. Especially I would be the last to advocate the

examination of thpe moths per minute. It seems that the French
authority whom Mr. De has quoted is Monsieur Blachon who states

that 1,200 moths can be examined per day. But he does not specify

the number of hours per day to be eight hours and he also gives that

figure for the best examiners. M. L'Arbousset's figures, if I remember
right, are from 400 to 500 per day of eight hours.

From what I have myself examined in my rearings on a large scale

—

and I doubt whether anywhere else in India rearing is done on Such

a big scale as in Bengal in the Government nurseries,—I am convinced

that the gut system of examination will materially assist us in effecting

a great deal of improvement towards the economic condition of the

industry. The question of time is a very paltry matter in comparison

to the immense advantages this system is calculated to render towards

the successful results which will undoubtedly follow the adoption of

this method in preference to the old system.

With your permission I beg to speak something by way of criticism ^^'f- Harihar

of Mr.^ De's valuable paper. As I am comiected with sericulture and
^^'*^*^-

pebrine for the last about ten years I have had some opportunity of
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seeing some of the important Sericultiiral Centres and also meeting

with some of those gentlemen who are at present engaged at the seed

selection work in India.

Gentlemen, I would endeavour to brmg to jowi notice some of the

controversial points mentioned m the learned paper.

I do not like to give the figures I have got m the experimental work

at which I am engaged. I do not like to give my own figures in con-

tradiction to what has been said about the different pomts connected

with the methods of examination. From the facts and figures quoted

in the paper itself I shall try to explain their value.

Mr. De says that he examined moths in the Bengal method, i.e.,

crushing the moths in paper and also in the Pasteur method and found

more pebrinized moths in the latter method than in the former. He
says that in Mukerjee's method (Bengal method) all the parts do not

get crushed well and pebrine corpuscles are not found if they remain ui

uncrushed parts.

About 10 per cent, of the moths attacked mildly go undetected.

If the major portion of the juice is taken from the colon only, as it appears

to be done in Bengal, the chance is that rather more than 20 per cent,

of the moths attacked with pebrine will go undetected.

Now, gentlemen, to my knowledge Mr. De's method, at least prior

to the pubHcation of Mr. Hutchinson's Bulletin, was exactly the same

as Mukerjee's, as is evident from Mr. De's Bulletin No. 39.

In fact, Mr. Hutchinson's method is responsible for removing the

defective method so far practised everyw^here in India.

Regardmg the figures quoted by Mr. De about the comparative

numbers of diseased moths found in the Pasteur and Hutchmson method,

practically no difierence has been shown. In one or two cases he shows

one or two more pebrinized cases in Pasteur's method while in other

cases he shows one or two more pebrinized cases in Hutchinson's method.

One important point to note in this connection is the highly diseased

condition of his experimental lots, because he shows as many as 43

diseased cases out of 50. So it is clear that his experimental broods

were from a very highly diseased lot and it may be remembered that in

such highly diseased lots any method would show pebrine easily. The

superiority of Mr. Hutchinson's method is of very great value inasmuch

as it can help detection of pebrine in even mild and earlier stages of

the development of the disease such as are usually met with in India in

the hot season when the life-cycle of the silkworm is rapidly passed

without givmg time enough for thorough propagation of the parasite.

Mr. De's experiments have been done in the winter season of this year.
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My experience shows that there are many cases met with where

pebrine would go undetected if the gut is not properly examined. As
a matter of fact, Mr. De has admitted this indirectly in the course of

his paper. The paper said that in about 95 per cent, of the moths he

finds more pebrme in the gut than in the body-juice. He says that

in a very few cases one or two pebrine spores were detected in the gut

and not a single one in the body-juice.

Then what about these few cases ? Would they not go undetected

if Mr. Hutchinson's method was not employed ?

Again, he says that in rare cases he noticed one or two pebrine spores

in the body-juice but not in the gtit. Can it be explained where did these

one or two pebrme spores come from? I do not know whether " few

cases " are more than " rare cases."

In order to avoid the colon content Mr, De suggests the use of incuba-

tors- and caustic potash. Will it not be dijQ&cult in practice to incubate

the moths keeping the same number on the egg card as also on the bags

in which the moths are to be dried ? The use of caustic potash makes
the pebrine spores look dull.

However, Mr. De admits that Mr. Hutchinson's method is an
efl&cacious one but he thinks it is a slower method. He also speaks

of irresponsible overseers who may not work properly. I think where

Governments are anxious to eradicate the disease the question of slowness

does not come in, especially in view of the sureness of the method. He
admits that this method enables the examination of the moths to begin

earlier. He admits that the only advantage in this method is that when
infection is mild in the mid-gut it will take little time and attention for

the detection of the spores, whereas according to Pasteur's method more
time and attention will be required and in a few cases spores may go

unnoticed if not treated with caustic potash. My experience shows

that in the multivoltine races in India many cases will go undetected

if examined by the rough method which is in almost all cases possible in

the crushing method.

Professor N. G. Mukerjee, who made a thorough study of the para-

site in France and in India, distinctly says on page 57 of his Handbook of

Sericulture that " if a silkworm gets the pebrine germs the day before

it is ready to spin cocoons and if it is examined in the moth stage on the

fifth day the germs get only fourteen days to develop themselves. Unless

pebrine is associated with Flacherie, corpusculation does not take place

in fourteen days and the moth may be passed as disease free, though

full of pebrine."

I think for such cases gut examination is the only remedy.

Mr. De says that spores will be found in sufl&ciently large numbers.
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Mr. Harihar
Prasad.

Mr. Ramakrishns
Ayyar.

This is, I think, contradictory to his above-quoted statements when

he speaks of mild infection.

With regard to infection through wounds Mr. De himself says that

he carried out two experiments to see if infection takes place through

wounds. He took 100 caterpillars in each of the two experiments.

j.n one 70 caterpillars died of wounds and he got 6 mild cases of pebrine.

His control lot also showed 2 cases of pebrine. In the second experi-

ment he got negative results and 89 caterpillars died. I think both his

experiments gave negative results as his control lot in the first experi-

ment showed pebrine and it is just possible that there was disease already

present in his experimental lots. Mr. De v/rote to three or four people in

foreign countries for opinions on this point. Two people seem to have

given as their opinion that infection does not take place and one man
says that rarely it does. Upon this doubtful point Mr. De tries to make

a case that, in case infection takes place through wounds, the ovary

alone of the moth may be infected and not the gut. This to my mind

seems to be imaginary for in nature we do not come across any "strcir'

wounded caterpillars and the caterpillars are so delicate that when

they get wounded they die before becoming moths. I do not think

Mr. De has ever come across any such moth.

Mr. De says that " the pebrine disease is not a hereditary disease

but is only transmitted from a mother to its progeny." I would like to

have explained the meaning of this funny sentence.

In conclusion, he admits of mild cases in which the gut is the only

affected part and no other tissues.

In my opinion, no case has been made out to criticize Mr. Hutchinson's

method, which is based upon scientific work and not upon information

gathered from private letters and books.

I thank you, gentlemen, for giving me an opportunity of explaining

things and I also thank Mr. De for his efforts in the cause of science.

I had occasion to visit the Berhampore silk nursery in 1909 and at

that time they were throwing off the wings and thorax of the moths

and only crushing the abdomen.

Mr. De recommended the same method in his first Bulletin.

It would have been much better if we could have some definite deci-

sion regarding the best method to adopt for elimination of pebrine.

The man under me does not know which method to follow. One is

tedious and the other is inaccurate. As far as I can make out, the

methods are the same and do not show any difference in results. The

c[uestion is, which is the one that can be carried on, on a commercial scale.

If Mr. Hutchinson's method is to be followed, then the seed should be

distributed by Government agency.
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As regards the possibility of developing the method of selection Mr. Hutchinson,

suggested by me, we leave it to the commercial people to judge. Mr.

Chaudhuri is engaged in the work on a commercial scale and he has

already said what he thinks on the subject. The future ehmination of

pebrine depends on the examination of the moths and also in raising

the resistance of the larvae to the disease. We can do this latter either

by hybridization or by selection. Mr. De has done a good deal of hybri-

dizing and I have done some work on pebrine. If we tackle the pro-

blem together, it will be very good. I should like to invite Mr. De to

co-operate with me in testing the new method and to help with his

experience in hybridizing.

I am quite wilHng to co-operate with Mr. Hutchinson in the experi- Mr. De.

ments he contemplates. So far I have been working along lines different

from those on which Mr. Hutchinson has been working.

As regards the criticisms on my paper by Messrs, Chaudhuri and

Harihar Prasad, I suggested the paper method for the examination of

moths when I was a new-comer and had no experience, although I my-

self pointed out the defects of that method. As regards the large per-

centage of pebrine in the worms which I used for testing the different

method of examination, this was done purposely for the experiments,

and this percentage of infection must not be taken as that normally

found in the Pusa Silk-house.

Can the pebrine germs affect other kinds of caterpillars besides Mr. Ramrao.

silkworms ? We have to do with swarming caterpillars and, if we could

use such a disease, we might be able to kill them.

I do not know about other pests, but Prodenia litura can be artifici- Dr. Gough.

ally infected.

46.—EXHIBITION OF SPECIMENS AND DRAWINGS OF
INDIAN WILD SILK-MOTHS.

Bij C. M. Inglis.

[Mr. Inglis exhibited his collection of ivild silk-moths and a number of

coloured drawings of various species of the moths.
\

We are much indebted to Mr. Inglis to taking so much trouble m Mr, Fletcner.

bringing his collection of silk-moths and his excellent drawings for

exhibition at this Meeting.
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